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The researcher investigated whether frontline, tacit knowledge about zoo animals was
captured by zookeepers, curators, researchers, veterinarians, and outside researchers and,
if so, whether and how it was transmitted into the scholarly literature. A bibliometric
analysis was done of a representative sample of peer-reviewed zoo research articles
published between 1973 and 2001. This was extended to grey literature and
acknowledgements statements from the same period to obtain a more global picture.
Research participants were evaluated in terms of their contributions (journal articles,
conference papers, or acknowledged research assistance). Changes were mapped
chronologically and by profession. The participation of keepers and curators was of
particular interest, as was the role of tacit knowledge and its intergenerational
transmission. The role of outside researchers in zoos was examined, as was the use of zoo
research by the wider scientific community, as measured through citations by non-zoo
authors. Interviews with a cross-section of zoo research personnel completed the portrait
of zoo research during these decades.
The study found that keepers' university training did not change their status as invisible
research assistants and interprofessional tensions remained high, despite higher
educational levels among keepers and curators. The rise in female research participants
was not proportional to the shift from mainly male to mainly female staff over time. Only
a tiny percentage of zoo research was heavily cited by outside researchers. Zoo biology
showed some signs of becoming an academic discipline, but continued to rely heavily on
tacit knowledge. Outside collaborators quickly lost interest in zoos, due to numerous
obstacles.
The study conc luded that an institution's research productivity was a function of
leadership, rather than size, budget or number of personnel. Minimizing the role of tacit
knowledge in favor of scientific research area hurt the transmission of invaluable oral
folklore, particularly among keepers. It was recommended that zoos capture their tacit
knowledge base to meet their conservation goals more efficiently and respond more
effectively to critics of zoos' scientific approach. Finally, mentoring programs would
enable more staff to participate in research and publishing.
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Chapter 1
Introduction

Problem Statement
Kawata (2002b), a zoo commentator, best states the impetus for this research,
I cannot shake off one nagging question: Can our deeds in conservation, not our
words, withstand a scrutiny by scientists from top-notch universities and museums,
and by experts from world-renowned conservation organizations? Only their
recognition, not that of animal advocate groups or news media, will give us
legitimacy. (para. 46)
To answer his question, this project set out to determine what percentage of zoobased research was transmitted into mainstream peer-reviewed literature, and what
types of knowledge were being transferred. It sought to answer the question, “Is
information that is gleaned from daily observations of and interaction with exotic
captive animals captured and transmitted into the scholarly literature? If so, how, and
by whom?”
The hypothesis for this project was that zookeepers 1 transmit some of their tacit
knowledge 2 about captive exotic wildlife to zoo-based researchers and veterinarians
(and possibly outside researchers), who then publish peer-reviewed papers that transmit

1

2

Zookeepers maintain captive exotic animals for conservation, research, public
education and recreation, and usually report to a curator. See Appendix A for
complete list of definitions of important terms.
Tacit knowledge is unwritten knowledge, including lore, oral history, routines,
professional practices, and procedures, that is passed on from one person to another.
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this new knowledge into the scholarly literature, where the wider research community
uses it to provide new insights that can then be used to further zoo research. Although
some zookeepers perform research, this hypothesis posited that, for the most part, their
knowledge was excluded from peer-reviewed journals and therefore did not circulate
beyond the zoo community. Put another way, this project hoped to investigate whether
or not zoos are part of the broader cycle of scholarly communication, and thus
contributed to the store of human knowledge in a professional and durable way.

Goal
The goal of the proposed project was to provide a descriptive study of how zoo
literature is (or is not) integrated into the larger body of scholarly knowledge. It hoped
to provide bibliometric tools for zoos to measure the transfer of knowledge out of their
community, and to review their research priorities accordingly.

Need for Study
The need for this study came principally from within the zoo community. The
researcher identified the problem of measuring knowledge transfer between this
community and the wider scientific community while working in a large American zoo.
The disconnect between the public relations image cultivated by the zoo and the
informal discussions that took place between staff members, particularly keepers, was
enormous. Anecdotes and daily interactions revealed a high level of frustration at all
levels of the organization, and interprofessional tensions were also high. Over a period
of two years, this researcher discussed her perceptions with a broad range of staff, and
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concluded there was a need within zoos for clarity and direction in their role as research
institutions, and for the role of each professional group towards common goals. It
became clear that each group held quite different ideas about which goals were worthy
of pursuit, and that the withholding of tacit knowledge was endemic both within and
between zoological institutions. In addition, the institution had participated in a "golden
era" of behavioral research during the 1960s and 1970s but was now investing heavily
in technological research (e.g., genome comparisons), which pointed to a shift in
research priorities and philosophies. Finally, a thorough review of zoo literature
revealed that no studies of zoo-based literature as a separate subfield within zoology
had been conducted to date.
Within library science, citation analysis has matured as a methodological approach
during the previous two decades, resulting in the creation of tools and methodologies
that could measure, describe, and analyze a body of literature in a meaningful way that
was increasingly accepted within the wider research community. More work remains,
however, in the areas of authorship and acknowledgements, where the systems
currently in place have come under increasing criticism. There is much debate about the
roles these two conventions play in scholarly publishing; this proposed research will
provide additional dialog for that discussion.

4

Supporting Evidence
The researcher believed that there was a sufficiently large body of both peerreviewed and grey literature 3 to perform statistically relevant measurements of zoobased research. A review of bibliometric techniques revealed several proven methods
of analyzing a body of literature and producing useful measurements of the flow of
ideas within a group of scholars. Examples of analyses included: whether articles coauthored with outside researchers were cited more frequently than those authored solely
by zoo staff in the two years following publication; whether articles authored by a
particular professional group (e.g., veterinarians) were published in higher-ranked
journals (based on a journal ranking system developed by the Institute for Scientific
Information (ISI)) than those authored by other zoo professionals; and whether authors
at larger zoos published more frequently, had more co-authors, or were cited more
frequently than those at smaller zoos. Finally, Cronin's (1995, 2000, 2001a) recent work
on acknowledgements provided a solid theoretical framework for studying the
sociological aspects of a group of researchers through bibliometrics.
Very little work has been done in terms of describing and categorizing zoo research.
Wemmer, Rodden, and Pickett (1997) performed the only study of zoo periodical
literature that this researcher was able to uncover4 . Although limited to one journal, Zoo
Biology, their article provided a starting point for this research project. The researcher’s
first task was to identify and isolate the body of peer-reviewed zoo literature in order to

3

4

Grey literature is defined as networked information produced by all levels of
government, academics, business, and industry in electronic or print formats. It is
not controlled by commercial publishing, and is generally not peer-reviewed.
Sajdak (1983) reviewed zoo herpetological literature in three core herpetology
journals.
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study it. This was accomplished by searching the premier research index worldwide,
Web of Science, to locate articles whose autho rs were affiliated with an accredited
American zoo. Web of Science is the only research index that includes a searchable
author affiliation field. The reliance on only one index meant that the corpus of zoo
literature being studied was necessarily incomplete. However, the high quality and
consistency of Web of Science’s indexing over a 28-year period (1973 to 2001) was an
important consideration. Its enhanced field structure (offering multiple searchable
fields, including institution affiliation), its comparative ranking of journals, and article
links that allowed researchers to trace the transmission of ideas over time, all made Web
of Science an attractive point of departure for any bibliometric study.
A high proportion of zoo research is published as grey literature, which includes
non-peer-reviewed literature. The researcher examined the transmission of zookeeping
knowledge into scholarly publication by studying citations to a representative sample of
100 highly cited zoo research articles, and by reviewing the professional and publishing
characteristics of their authors. In addition to research produced by zoo staff, the
researcher examined articles co-written by zoo employees with outside collaborators, as
well as articles on zoo-based research that did not include a zoo-based co-author.
Little literature about the emerging subfield of zoo research exists. Therefore, indepth interviews with both zoo personnel and outside researchers complemented the
bibliometric analysis of zoo papers. These interviews provided contextual information
that confirmed or nuanced the results of the statistical analysis based on peer-reviewed
literature.
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Barriers and Limitations
Zoo-related literature is relatively scarce and scattered across a wide range of
publications, many of which are not indexed. Science Citation Index, produced by the
Institute for Scientific Information (ISI) and later part of the Web of Science, did not
begin indexing zoology as a discipline until 1973. Zoo Biology, the only North
American journal dedicated to zoo research, began publication in 1982. The American
Zoo and Aquarium Association (AZA) started publishing an annual bibliography in
1990. In order to counteract these difficulties, the period for the majority of the study
corresponded with Web of Science's coverage of zoo literature (1973-2001). The period
under study allowed for two additional years (2002-2003) in order to include citations
to earlier articles in the study. Grey and peer-reviewed literature for the period covered
by AZA's annual bibliography of member institutions' publications (1990 to 2001) was
added to Web of Science's data.
Another difficulty was to identify the professional status of zoo authors culled from
the sample database of citations. The researcher initially proposed contacting librarians
and other staff at various institutions to identify retired or mobile personnel, but this
proved to be too cumbersome with more than 5,500 participants over 28 years. Instead,
Internet sources were used with some success to fill in the gaps. Finally, some zoo
personnel indicated that they had not publicized their non peer-reviewed publications to
their supervisors because of fear of ridicule or negative repercussions. Anonymity when
using interviews and personal communications was therefore assured.
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Research Questions
Because the research hypothesis was very broad, two aspects of the problem that
lent themselves to bibliometric analysis were chosen for in-depth analysis, namely the
professionalization of the zoo workforce, and the characteristics of the field of zoo
biology.

Research Question One
What effect has the recent professionalization of American zoo staff had on
publication practices within zoos?
No studies on the effects of professionalization on the production of zoo-based
research have been carried out. The hiring of more staff with advanced degrees should
lead to a corresponding rise in research activities and publication5 . Furthermore, as
more staff with Ph.D.s enter zoos, there should be a corresponding increase in peerreviewed publications, as well as closer relations to Ph.D.- level colleagues outside the
zoo. There should also be changes in the status of veterinarians, traditionally the only
professional group within zoos where a Ph.D. was required. One would expect their
relationship to curators to become peer-to-peer rather than doctor-client.

Research Question Two
What are the current characteristics of the subfield of zoo biology, and how do these
compare to those of other emerging disciplines?

5

Stoinski, Lukas, and Maple (1998) state that the number of research staff in
American zoos doubled between 1986 and 1996 (p. 176).
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This project enabled the researcher to examine factors in the creation of a new
discipline, such as an increased publication rate, the appearance of specialized journals,
the founding of professional associations and the creation of university curricula, to
determine whet her zoo research meets the criteria for a separate subfield. Finally, the
positioning of zoo research within mainstream science can be ascertained through the
number of times zoo-based literature is cited, its influence on research done outside
zoos (also measured through citations), and the percentage of zoo literature that is
published in high-ranking vs. low-ranking journals (as determined by such tools as ISI's
Journal Ranking Reports).

Scope, Costs, Scheduling, and Resources
The scope of the proposed investigation was limited to zoo-based research, both
peer-reviewed and grey, published between 1973 and 2001. During this period, ISI
indexed 3,656 research articles by AZA-affiliated authors. AZA reported approximately
6,800 peer-reviewed and "popular mainstream" publications by its member institutions
between 1990-1991 and 2000-2001. Thus, it was possible to obtain a nearly complete
index of both peer-reviewed and non peer-reviewed zoo-based literature for the period
1990 to 2001. The ISI articles for the entire period available (1973-2001) were used for
bibliometric analysis, particularly citation patterns and authorship trends. In addition,
the use of tacit knowledge by zoo-based researchers was measured through
acknowledgements in the ISI literature. Authors from a selection of grey literature
captured in the AZA publication lists, plus the full author set from Web of Science were
correlated with individuals mentioned in the acknowledgements sections of 714 sample
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articles. The combined table of individ uals from all three listings was used to analyze
patterns of research and co-authorship. Interviews with 29 zoo personnel and outside
researchers from different backgrounds provided additional information.
Several interviews were conducted in fall 2003 to take advantage of two major
annual conferences where zoo personnel from all AZA zoos could be interviewed
easily without the distractions of their hectic schedules, and in an anonymous setting.
Others were conducted by telephone and e- mail in winter 2003 and spring 2004.
Because the interviews focused on interviewees' career achievements and on their
research philosophy, the face that they were held over an 8-month period via multiple
communications channel (face-to-face, telephone, and e- mail) should not have affected
the results. The information retrieved was historic (thus, timeliness was not a factor).
The main resources required for this study were: Pro-Cite software to create the
database of citations and to perform analyses; Web of Science (available at the
University of Chicago through an agreement with Brookfield Zoo); published lists of
zoo literature from AZA and the Smithsonian Institutions; AZA-LSIG (Library Special
Interest Group) online forum (to identify whether authors and acknowledgees are
keepers, zoo researchers, veterinarians, or outside researchers); zoo personnel at various
AZA institutions; and editors and former editors of zoological journals.
This researcher identified two types of journal literature in which zoo publications
appear. Those captured in Web of Science were characterized as peer-reviewed
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scientific journals, while those selected from AZA's publication lists 6 and conference
proceedings were categorized as grey literature.

Summary
The investigation drew from existing research on the sociology and behavior of
scientists, on scholarly publication, on bibliometrics, and on tacit knowledge, with
contextual information from zoo literature. It attempted to show that knowledge is
transmitted from the zoo environment into mainstream science. The potential role of a
new subfield of zoo research within zoology was also discussed.

6

AZA's publication lists included both peer-reviewed and grey literature, but Web of
Science's coverage appeared to be more exhaustive, and was also available in
electronic form. Therefore, the AZA lists were used only to supply grey literature.
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Chapter 2
Review of the Literature

Introduction
The literature reviewed in this chapter reflects the many facets of the proposed
research project. The discussion initially proceeds from the general to the specific, that
is, from the sociology of science to challenges to traditional science from other
knowledge bases, to the nature of scientific communication. Several related areas are
then presented, namely the role of grey literature in scientific communication, trends in
multiple authorship, acknowledgements as a source of information about scholarly
networking, bibliometrics (the statistical study of scholarly literature), and tacit
knowledge. The final topics cover the history of American zoos over the past 30 years,
the nature of zoo literature and research, detailed descriptions of different zoo jobs, and
the role of tacit knowledge in zoos.
The social structure of science is complex. Important facets include the distinction
between basic and applied science, the structure of scientific scholarly publishing, and
the peer review system. The evolution of authorship and the peer review system have
been the objects of much discussion in recent years among librarians. Both are well
documented and prior work can provide useful frames of reference for analyzing zoo
research. Cronin's work points the way for future research into the role of
acknowledgements in scholarly publishing. Cronin's use of acknowledgements to
identify "trusted assessors," as well as techniques such as co-author citation analysis,
could be useful in determining whether such a core group exists within zoo-based
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research. Bibliometrics is an established field in library science and has been applied to
scientific literature for over two decades. This rich body of literature provides several
possible models for this study. Citation analysis studies have generally been limited to
indexed peer-reviewed literature. However, some researchers have studied grey
literature and developed methods for dealing with the manual transfer of unindexed
citations. Because this is extremely time-consuming, it has been limited to narrowly
defined studies.
The reaction of the science community to perceived threats from non-scientific
organizations and knowledge is examined. Librarians and sociologists have studied
emerging scientific disciplines, and their work may provide a model for examining zoo
research as an emerging subfield. Tacit knowledge is an old concept that has recently
received renewed attention, partly because of the work of Japanese researchers such as
Nonaka and Takeuchi (1995). Only a few recent authors have looked into its role in the
creation of new scientific knowledge, so the work of commentato rs from previous
generations is also presented.
There is a moderate amount of literature about zoos, from which sociological
information can be gleaned. With effort, earlier eras of zookeeping can be recreated as
a point of comparison with current practices, although it is sometimes difficult to
separate fact from rhetoric. A wide range of viewpoints from authors of varying
backgrounds allows the researcher to establish a framework for the evolution of zoos in
North America over the past century.

13

Sociology of Science
Sokal (in press) defines science as
a worldview giving primacy to reason and observation and a methodology aimed at
acquiring accurate knowledge of the natural and social world... characterized, above
all else, by the critical spirit : namely, the commitment to the incessant testing of
assertions... and to revising or discarding those theories that fail the test.
Science is both a body of knowledge defined by a set of methods and techniques,
and an organized social activity (Crane, 1972, p. 4; Davyt & Velho, as cited in Russell,
2000, p. 237; Mendelsohn, 1977, p. 3; Sokal, in press). Observers in the latter part of
the 20 th century saw it as a communal, democratic system, devoid of "pronounced selfinterest" (Kreiner & Schultz, 1993, p. 191) and based on "universalistic criteria of
scientific validity and scientific worth… in which it is men's capacities and
achievements which matter, not their ascribed status or origins" (Merton, 1957, pp. 534,
556). Scientists must have a strong emotional comm itment to their research in order to
see lengthy projects through and surmount failures (Merton, as cited by Mulkay, 1991,
p. 64; Taylor, n.d., para. 3; Mitroff, 1974, pp. 580, 585-586; Polanyi, 1958, pp. viii, 64).
In an attempt to demarcate science from pseudoscience, Popper added the criterion of
falsifiability, namely the obligation for scientists to examine new claims skeptically and
to try to falsify the results (Still & Dryden, 2004, p. 271).
For scientific communication to occur, there must be a "moral bond between the
individual and other members of the community," that allows for an atmosphere of trust
(Shapin, 1995, p. xxxi, 7). Credibility ultimately determines the effectiveness of a
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scientist (Hobbs, 1988, p. 368). By the mid-20th century, institutional affiliation had
replaced noble birth as the guarantor of intellectual honesty (Shapin, 1995, p. 412).
Crane (1972) perceived the scientific ethos as the exchange of information for
recognition (p. 5). British researchers listed election to learned societies, involvement in
international organizations, receipt of prizes and honorary degrees, journal editorships,
and invitations to lecture at prestigious conferences as variables for measuring collegial
esteem (Anderson, 1991, p. 639).
Science is highly stratified, with "a relatively small minority" of scientists
controlling most of the resources (Cole & Cole, 1972, p. 368). Indeed, "virtually every
aspect of the production and dissemination of scientific information appears to be
ranked" (Mulkay & Milic, 1980, p. 25). Gender, race, and class can affect entry into the
research community (Mulkay, 1991, p. 68; Arditti, as cited in Moore, 1996, p. 1615).
Methodological differences cause friction between "hard" scientists and social scientists
(Still & Dryden, 2004, p. 281-282; Willer & Willer, 1973).
While the popular image is of the scientist as a lone genius, a truer picture is that of
the founding pioneer who is succeeded by teams of collaborators working on large
research projects (Patel, 1973, p. 92). Scientific facts tend to be constructed in a
collective, social process, rather than by isolated individuals (Latour, 1987, p. 41).
Personal contacts remain at the heart of the scientific enterprise; witness the natural
organization of scientists into groups of between 10 to 20 individuals (Shapin, 1995,
pp. 412, 414-415). Supervision of employees and graduate students is characteristic of
the most productive researchers, who are thus able to participate in multiple projects
and publish more frequently (Mulkay & Milic, 1980, pp. 37-38). Social groups form by
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geographic location, and interaction between them is adversely affected by distance, as
evidenced by lower citation linkages between far-flung groups, and a tendency to overrate collaborators' contributions while omitting those of distant colleagues (Stokes &
Hartley, 1989, p. 115) 7 .
Scientists rely on network ties and "intellectual authority" to locate important work
(S. Cole, 2000, p. 131). In fact, weak sociometric links are often more important for the
transmission of ideas between groups than strong social connections. This is because
scientists working on the scientific periphery of a discipline have invested less in their
specialty's paradigm, and thus are freer to innovated. Scientists who are peripheral
members of more than one discipline are especially important, because many research
problems "fall in the cracks between disciplines" (Granovetter, as cited in Chubin,
1976, pp. 461, 466).
Cronin (1991) postulates "a population of hidden influencers…whose contribution
to a field has expressed itself less through prolific publication than through stimulating
and guiding colleagues and students," and whose contributions may be revealed
through a systematic analysis of acknowledgements in a given field (p. 236).

Disciplines
A scientific discipline is composed of practitioners (often no more than 100) who
share a particular paradigm, and possesses academic programs, a communication
infrastructure, funding, formal research activities, and a scholarly body of knowledge

7

Patterns of collaboration have almost certainly changed since this study was done
because of electronic communications.
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(Kuhn, 1970, p. 297; Klein, as cited in Zipp, 1999, para. 23; Zipp, 1999, para. 23). An
emerging academic discipline is characterized by uncertain goals and tasks, an
abundance of uncategorized information, and disagreement over ways to de scribe and
interpret phenomena (Toulmin, 1972, p. 155; Kuhn, 1970, pp. 16-17, 47-48, 231). New
journals, societies, and academic curricula facilitate communication among
practitioners (Kuhn, 1977, p. 5, 296), while professional forums help it to incorporate
new ideas (Toulmin, p. 210).
A new discipline strives to obtain professorships, attract doctoral students, endow
university chairs, win government funding, and publish in "established orthodox
journals" (Collins & Pinch, 1979, p. 253). Characteristics of developing specialties
include marginal innovations, mobility of personnel, cumulative development in
academic settings, growth associated with access to graduate students, conflict with the
parent discipline, and the creation of new journals (Edge & Mulkay, as cited in Chubin,
1976, p. 458). Prerequisites for "reasonable-scale experimental science" to take place
are refereed journals and other publication outlets, material resources (e.g.,
laboratories), and skilled personnel, plus a network of active colleagues, and a body of
graduate students to continue into the next generation (Collins, 2000, p. 827).
Developing fields are often ignored (or attract controversy) for long periods of time and
suffer from high turnover, but once an important intellectual or social development
takes place, rapid growth occurs. Academic institutions play an important role in
fostering new scientific and technical disciplines (Debackere & Rappa, 1994a, p. 429).
About 50% of articles in a particular subject area appear in core journals, with the
remainder widely scattered among many peripheral journals. The mix of core and
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peripheral sources keeps scientists from referring only to those social clusters to which
they belong. Scientific knowledge cumulates in the core journals, while peripheral
journals keep the discipline permeable to new ideas (Bradford, 1953, as cited in
Chubin, 1976, p. 459).
Examples of two emerging fields are environmental geology, which attracts
"people-oriented" geologists from the engineering, economic, hydraulic, and marine
subfields but currently lacks a strong community and core knowledge base (Klein, cited
in Zipp, 1999, para. 4, 24), and materials science, which does not yet have departmental
status at 12 or more academic institutions and thus is not yet considered to be a
recognized field 8 (Roy, cited in Zipp, 1999, para. 25). As a discipline matures, research
interests become more specialized, resistance to change increases, and isolation from
other disciplines and lay influences occurs. While stand ardization allows practitioners
to work much more efficiently, textbook science tends to forget or distort historical
facts to create the illusion of progress within the field (Kuhn, 1970, pp. 19, 64-65, 164,
138, 167, 170).
Applied research networks begin with isolated practitioners from different
backgrounds working independently on new problems. After preliminary publications
appear, they become aware of each other's work and begin to form a community. Major
conflicts occur at this stage, and growth is dependent on eminent scientists from
neighboring disciplines diverting resources (especially graduate students) into the new
field. In the second stage, overlap and competition lessen, major disputes are resolved,
research is well-defined and standardized, and leaders emerge to handle fund-raising,

8

Material sciences now has departmental status at many American universities.
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promotional work, and administration. In the final stage, research problems diminish,
and the field either turns to applied research or goes into a long decline (Mulkay &
Milic, 1980, pp. 19-20).
Specialties are subgroups of practitioners within a discipline, forming "the basic
intellectual and social unit of the scientific mosaic," and capable of producing major
changes (Garfield, 1979, p. 98). A few critically important papers appear early in the
development of a new specialty, and are cited immediately and frequently (Goffman &
Jahn, as cited in Small & Griffith, 1974, p. 19). In competitive specialties, there is a
core group (the "invisible college") that meets regularly, commutes between centers of
activity, circulates articles, collaborates on research, and often controls careers and the
acceptance of new ideas (Price & Beaver, 1966, p. 1011). Clusters of scientists
("coherent groups [of] a few persons who engage in intense communication and
criticism") can be studied to learn about specialty fields (Chubin, 1975, p. 363). More
recently, sociologists of science have begun to look at "trusted assessors," groups of
"friendly critics" who mentor individual scientists from outside their department or
even their subject field. Trusted assessors are believed to play a significant but largely
unseen role in academic publication (Cronin, 1991, p. 228).

Basic vs. Applied Science
The distinction between know-how (craftsman's knowledge) and "know-why"
(understanding) was present in ancient times (Laudan, 1983, p. 10; Godin, 2003, p. 59).
It arose from two competing philosophical traditions, namely rationalism ("there exists
a priori knowledge that does not need to be justified by sensory experience"), and
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empiricism ("the only source of knowledge is sensory experience") (Nonaka &
Takeuchi, 1995, pp. 21-22). While empiricism generalizes from observations, science
abstracts them, allowing it to explain seemingly dissimilar phenomena (see Figure 1).
This means that, when required, science ignores observations in favor of theoretical
postulates, and regards individual experiences with suspicion because they are "unique,
unrepeatable events that are subject to many kinds of error" (Willer & Willer, 1973, p.
137; Bensley, 2003, p. 95).

Figure 1. Difference in logical form between empirical and scientific
knowledge 9 .
The term "pure science," first used in 1648, came into regular use during the 19th
century as new disciplines sought admittance into universities and professional status
(Godin, 2003, p. 60; Mendelsohn, 1977, 22, note 17; Daniels, 1967, p. 1699). It is
focused on theoretical questions with no immediate practical application (Hutchins,
1988, p. 11). Kuhn (1977) defined it as research aimed at "[increasing] understanding
rather than control of nature," tackling known problems incrementally, harmonizing
theory and observation, extending theory to new areas, and collecting data for the
application and extension of existing theory (p. 233). By the mid 20th century, scientists
had convinced the American government and citizens that science, particularly basic

9

From Willer, D., & Willer, J., 1972, Systematic Empiricism: Critique of a
Pseudoscience. Englewood Cliffs, NJ: Prentice-Hall, p 19.
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science, was the only valid form of knowledge (Mulkay, 1979, p. 112). Traditionally
associated with universities, one-third of basic research in the United States is now
conducted at non-academic institutions (Debackere & Rappa, 1994a, p. 427).
Applied science, on the other hand, is research aimed at solving specific practical
problems (Hutchins, 1988, p. 11). It is seen as "impure" by many academics, e.g.,
[O]f the two forms of knowledge, we should consider as more objective that which
relies to a greater measure on theory rather than on more immediate sensory
experience…[and] reduce the status of our raw impressions to that of dubious and
possibly misleading appearances. (Polanyi, 1958, p. 4; see also Brooks, Bernal, as
cited in Godin, 2003, p. 72)
Popper (1974) portrayed the applied scientist as "a victim of indoctrination,"
incapable of questioning received wisdom (p. 53). Strains between basic and applied
tendencies in several disciplines led to the creation of parallel applied fields, or other
measures, e.g., ecology (founding of Nature Conservancy), chemistry (creation of
chemical engineering), engineers (creation of codes of ethics and certification),
psychology (rift between researchers and clinicians) (Tjossem, 1994, p. 5; Nelkin,
1977b, pp. 89-90).
Despite its apparent superiority, few scientists actually engage in basic science. The
estimated ratio of applied (industrial/government) to basic (academic) research in 1945
was 6 to 1; basic researchers constituted an estimated 15% of researchers in the period
1954-1968, rising to 25% in 1987 (Bush, as cited in Godin, 2003, p. 62; Meadows,
2000, p. 94; Latour, 1987, pp. 156-164). By the end of the 20 th century, applied
research was recognized as the predominant scientific activity (Porter, 1995, p. 229;
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Godin, 2003, p. 80; Kinchy & Kleinman, 2003, p. 887; Debackere & Rappa, 1994a, p.
427).
Applied scientists are especially concerned with credibility, answering to hands-on
practitioners on the one hand, and theoreticians on the other (Hobbs, 1988, p. 368). The
natural sciences have had to struggle particularly hard to justify their work.
The exercise of one's curiosity about the natural world is a 'pure' or self-justifying
activity, which pays few immediate dividends other than the intellectual satisfaction
of better understanding...In economic terms, as a result, natural science has
normally been a 'pensioner', financially dependent on its association with other
activities and institutions. (Toulmin, 1972, p. 213)
Ecology must still negotiate the credibility of its data (Kinchy & Kleinman, 2003, p.
874). The difficulties are such that the Ecological Society of America (ESA) distanced
itself from applied research almost from its founding in 1915. The publication of Silent
Spring and the rise of environmentalism during the 1960s caused a temporary crisis
within ESA, but, aside from opening a Public Affairs Office, it remained aloof from
political concerns (Tjossem, 2003, pp. 1, 5, 9, 22, 51, 95; Nelkin, 1977b, p. 79; Kinchy
& Kleinman, 2003, p. 885). Likewise, the editor of Ecological Applications (an ESA
journal) avoided too much emphasis on conservation biology, "especially animal
conservation biology" (Taubes, 2001, para. 4) Even though the environmental
movement uses science to appear more authoritative, activists avoid becoming too close
to establishment science, seen as the root cause of many environmental problems
(Yearley, 1995, p. 462).
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As funding for research has become more competitive, the lines between basic and
applied research have become blurred. Multidisciplinary projects that involve both
basic and applied fields have a higher rate of discovery and innovation than those with
narrower focuses (Raan, 2000, p. 301). Complex problems, such as cancer research and
plasma physics, require cooperation and information transfer between scientists,
politicians, civil servants, and industry experts (Shrum, 1984, p. 81.) Major scientific
innovations often come from the margins of established research communities, either
from applied research, or from other research networks (Edge & Mulkay, as cited in
Chubin, 1976, p. 457). In addition, a shift from basic to applied research may occur as a
specialty a ges, leading to a new applied specialty (Garfield, 1979, p. 144).
Applied science also encompasses "practicing professions," such as engineering and
medicine, whose primary obligation is to the client. Conflicts often arise as
practitioners try to please clients, fulfill legal obligations, and exercise professional
judgment. Unlike traditional science, practitioners are externally controlled, in the form
of government regulations, marketplace demands, and client expectations. They face
legal sanctions, rather than peer review, for errors committed. Similarly, Ph.D.
scientists working in industry are isolated culturally from the commercial aspects of
their firm (Debackere & Rappa, 1994b, p. 369). The technical system, another facet of
applied science, is centrally administered and oriented toward solving sets of related
technological problems. It offers multiple reward structures (e.g., altruistic rewards as
well as peer recognition), and provides "alternative reference groups and sets of values
distinct from the traditional culture of the scientific community" (Shrum, 1984, pp. 64,
73).
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Challenges to Traditional Science
As early as the mid-19th century, critics claimed that no scientific theory was
infallible, and that it was no longer possible to distinguish science from non-science by
claiming that the first was knowledge-based while the second was mere opinion
(Laudan, 1983, p. 13). More recent critics have claimed that science is controlled by an
elite, that credit and accountability are dictated by one's position (Cole & Cole, 1972, p.
368; Mulkay & Milic, 1980, p. 27; Rennie, Yank, & Emanuel, 1997, p. 580). "Caste
inferiors must be shown to be inherently incapable of scientific work, or…their
contributions… systematically devaluated" (Merton, 1957, pp. 554-555). For some
postmodernists, science is no longer "a culturally unmediated reflection of a stable
external world," but simply another belief system, subject to bias and informal
judgment (Shapin, 1989, p. 561; Velho, 1986, p. 72; Yearley, 1995, p. 478; Collins &
Evans, 2002, p. 252; Sokal, in press).
Scientists have tried to maintain the image of science as a neutral, fact-seeking
enterprise by avoiding public disputes, by presenting results as facts, and by the use of
persuasive social and technical rhetoric (Nelkin, 1977a, p. 273; Mulkay, 1979, p. 116,
119). After World War II, the scientific community successfully lobbied government
for funding, and avoided regulation (Mulkay & Milic, 1980, p. 101). However, the end
of the Cold War obliged scientists to find non-military and non-economic justifications
for their activities (Olson, 2002, p. 745-746). By the 1970s, science had also come
under scrutiny from anthropologists and sociologists for its ethical and social
implications, e.g., it "impinges on traditional values and suppresses essential elements
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of human experience" (Gieryn, 1983b, pp. 781-784; Gieryn, 1999, p. 342, Nelkin,
1977a, p. 265; Goggin, 1984, pp. 29-31; Nandy, as cited by Sokal, in press). In the
post-Cold War era, public acceptance of pseudoscience has risen in both the U.S. and
Russia. A 1989 study showed that 99.4% of American college students believed in at
least one form of pseudoscience (astrology, extrasensory perception, reincarnation,
tarot cards, etc.) (Bensley, 2002, p. 197; Kruglyakov, 2004; see also Still & Dryden,
2004, p. 280). The most extreme view posits the demise of science, a victim of its own
success in solving humanity's most pressing problems; the remaining ones are too
costly to study, or are unsolvable (Horgan, 2002, p. 729, 735-736).
Many sociologists of science currently perceive science as a form of culture, that is,
an approximate and metaphoric set of beliefs about the world (Nelkin, 1977a, p. 283;
Gieryn, 1999, p. 344; Sokal, in press). History reveals that sc ientific reasoning does not
always lead to truth, and many of its distinguishing characteristics are found in other
spheres, such as art, religion, and law (Kuhn, 1970, pp. 2-3; Gieryn, 1983b, p. 781;
Polanyi, 1958, p. 133). Throughout the centuries, many fringe groups (ranging from
alchemists and magicians in the 17th century to parapsychologists and acupuncturists in
the 20 th ) have exploited the contradictions of science and laid claim to their own
scientific authority. Broadening the scope of scientific activity by including peripheral
disciplines leads to challenges of existing authority (the Church, nobility, or
universities, depending on the era).
Currently, parapsychologists, acupuncturists, midwives, anti-aging proponents, and
creationists are challenging the status quo (Allison, 1979; Welsh et al., 2004; Foley &
Faircloth, 2003; Binstock, 2003; Nelkin, 1977a, p. 276). The establishment of
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accreditation programs, peer-reviewed publications, and coursework with scientific
content have not been sufficient to gain access to mainstream science (Welsh, 2004, pp.
225, 229).

Boundary Work
Sokal (in press) notes,
In many ways science cuts against the grain of human psychology, both in its
methods and in its results; pseudoscience may well be more 'natural' for our species.
To maintain a scientific outlook requires a constant intellectual and emotional
struggle.
On the broadest scale, this struggle takes the form of boundary work, defined as "a
combination of rhetorical and social organizational devices designed to exclude some
people and their knowledge-claims from science," such as ignoring the work of nonscientists, implementing internal community controls, and attacking non-scientists in
public forums (Gieryn, 1983a, p. 60; Moore, 1996, p. 1597; Kinchy & Kleinman, 2003,
p. 871). Although sometimes ambiguous, boundaries are essential for scientific
knowledge to distinguish itself from common sense (Gieryn, 1983a, pp. 64-65, 68;
Sokal, in press). Stricter formal controls and less tolerance of heresies are indicative of
weaker scientific disciplines. Well-established scientific disciplines can absorb
knowledge from non-scientists without negative repercussions (e.g., a farmer's
observations led to a cure for facial eczema in sheep), but weaker ones risk exclusion if
they associate too closely with non-scientific institutions (Collins, 2000, pp. 840, 843;
Horrobin, 1990, p. 1140).
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Sokal (in press) proposes a continuum, beginning with well-established science at
one end, followed by cutting-edge science, "mainstream but speculative science,"
moving farther along to shoddy science, and ending with pseudoscience at the other
end. While positions far apart on the continuum can be easily demarcated from one
another, "there is no precise location along this continuum where a line can be drawn"
(see also Still & Dryden, 2004, p. 265, 273). Figure 1 shows a circular representation of
the demarcation between science and non-scientific worldviews.

Figure 2. Science's relationship to non-science 10 .

10

From: "Making the demarcation of science a sociological problem: Boundary work
by John Tyndall, Victorian scientist," by Gieryn, T. F., 1983, in R. Laudan (Ed.),
The Demarcation between Science and Pseudo-Science. Blacksburg, VA: Virginia
Tech Center for the Study of Science in Society, p. 65.
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Collins and Evans (2002) describe three waves of science during the 20th century.
Wave One was the age of authority where the world was divided into the "truth class"
(where all expertise resided), and the laity. Wave Two was the age of democracy, when
it became hard to distinguish between scientific expertise and political rights, and
demarcation between scientists and the public began to dissolve. Wave Three is the age
of expertise where, for any one issue, a few citizens are specialist experts, while most
are non-specialists.
Certification is no longer the determining factor, expertise is. It is more difficult to
separate the credentialled [sic] scientist from the experienced practitioner than was
once thought; when we move toward experience as a criterion of expertise the
boundary around science softens. (Collins & Evans, pp. 252, 253, 255)
In Wave Three, boundary work is replaced by intermediary negotiators who ensure
that other, complementary forms of expertise within the population are heard alongside
scientific expertise when decisions that affect society as a whole are made (Collins &
Evans, 2002, p. 258). Such intermediaries include the Scientists' Institute for Public
Information, which facilitates communication between scientists and journalists about
science issues of popular concern, and the "science shops" of the Netherlands,
Denmark, and Germany, set up "to mediate between the knowledge requirements of
social movements and established academic research institutions" (Moore, 1996, p.
1595; Cramer, Eyerman, & Jamison, 1987, p. 107).
One study found that those with good critical-thinking skills were less likely to
believe in paranormal phenomena, but another study revealed that a person's beliefs and
dispositions often prevail over their critical-thinking ability. Bensley (2002) concludes
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that college students would benefit from special instruction in critical thinking skills, as
distinct from statistics and research methodology (p. 202).

Scholarly Publication
Scholarly research and communication are based on trust, openness, free exchange
of ideas, and debate (Moran, 1998, p. 21). There is considerable institutional pressure
on scientists to publish research results and thereby achieve recognition (Merton, 1957,
pp. 534, 557; Cronin, 2001b, p. 559). Journal articles are the format of choice,
accounting for 80% of scientific publications (Vinkler, 1993, p. 213). Publishing not
only disseminates new ideas and discoveries to peers, it is a prerequisite to career
advancement, job security, and access to research funds, especially in academia (Peters
& Ceci, 1982, p. 187).
The number of journals grew rapidly during the 20th century, with 70,000 founded
between 1971 and 1991 alone (Chodorow, 2000, para. 14). Evolving from mere
communication vehicles into "tools of commerce," they measure scientists' worth (in
number of publications) (Benson, as cited in Weller, 2001, p. 124). University
departments are often ranked by how many articles and publications their staff publish,
with consequences for both funding and the ability to attract top graduate students
(Peters & Ceci, 1982, p. 187).
Ten percent of scientists produce 50% of scientific papers (Cole & Cole, 1972, p.
369). Lotka's Law states that for every 100 authors who publish one paper, 25 publish
two, 11 publish three, etc. (Mulkay & Milic, 1980, p. 23). Critics contest the traditional
view of a few exceptional scientists benefiting from the work of multitudes of little-
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recognized colleagues (Cole & Cole, p. 369; Kuhn, 1970, p. 2). Scientists freque ntly
overlook important research, reading it only after it has been cited or mentioned by a
colleague (Cole & Cole, p. 373; S. Cole, 2000, p. 111). They also tend to "judge the
man rather than the knowledge -claim," so top papers tend only to cite other significant
papers, while authors from developing countries are less likely to be published in
leading journals than those from highly developed nations 11 (Mulkay, 1991, p. 65;
Daniel, 1993, p. 73; Cole & Cole, 1972, p. 371).
Chatelin and Arvanitis (1989) tracked a group of soil scientists in France, who were
considered peripheral both because of the language barrier and the applied nature of
their field. The group of about 50 scientists produced 2,800 documents over a period of
36 years. Publishing was initially slow, followed by a period of rapid growth, and then
another slowdown in its mature phase. Publishing increased in quantity and quality over
time, with articles, conference papers, and books becoming more important than
unpublished reports (pp. 439, 441, 443).

Peer Review
The scientific communication process is governed by the system of peer review,
defined as "the assessment by experts (peers) of material submitted for publication in
scientific and technical periodicals" (Bailar & Patterson, as cited in Weller, 2001, p.
15). The peer-reviewed journal relies on expert reviewers to evaluate manuscripts, with
ultimate responsibility accruing to the editor (Swanson & McCloskey, as cited in
Weller, 2001, p. 15). Peer review is meant to filter out poor quality articles, redirect

11

This is changing for some Asian countries, such as China and Korea.

30

others towards more appropriate journals, and maintain quality control and integrity
(Lock, 1986, p. 39; Moran, 1998, p. 21). In reality, "a continuum of peer-controlled
quality assessment" exists, with substantial variations between journals (Pettigrew &
Nicholls, as cited in Weller, 2001, p. 16).
For popular journals, many more articles are submitted than can be published. In
such cases, the editor's initial reaction is crucial to acceptance or rejection (Miller &
Serzan, 1984, p. 679). Two common reasons for rejection are that a manuscript is
unsuited to the journal's purpose or scope, or that it is written in an inappropriate style
(Miller & Serzan, pp. 677-678). An article may also be rejected because it is of limited
importance, presents previously discovered information, offers unsubstantiated
conclusions, or makes dangerous recommendations. In medicine, case reports must
"provide new information, a new diagnosis, a new treatment, a new perspective, or a
valuable lesson" (Baue, 1985, pp. 885-887). Failure to meet standards of experimental
design and creation is another frequent cause for rejection (Hobbs, 1988, p. 369).
Discrimination by editors and referees against manuscripts from peripheral disciplines
has also been documented (Collins & Pinch, 1979, pp. 238-239).
Article rejection rates range widely, e.g., 25% for Analytical Chemistry in 1976, but
87% for Science in 1994. They have increased over the past few decades, e.g., Archives
of Surgery (from 60% in 1973 to 65% in 1985), British Medical Journal (from 79%
in1985 to 81.6% in 1993), JAMA (from 81% in 1976 to 84.2% in 1996) and Science
(from 80% in 1985 to 87% in 1994) (Weller, 2001, pp. 19-20, 23-24). Overall, the
sciences have a much lower rejection rate (44%) than the social and behavioral sciences
(73%), and the humanities (67%) (Miller & Serzan, 1984, p. 688). In the natural
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sciences in particular, a high proportion of submitted articles are accepted, e.g. 80% for
the leading physics journal, the Physical Review. A study of the rate of acceptance of
articles submitted to the British Medical Journal found that interdisciplinary work had
"a significantly greater chance of being accepted" (Lock, 1986, pp. 60-61). Finally,
authors from university settings were significantly more likely to have papers accepted
than non-academic ones (Lock, pp. 60-61; Daniel, 1993, p. 73).

Limitations of Peer Review
While peer review is currently the only workable system of scientific
communication, critics maintain that its closed and anonymous reviewing process tends
to eliminate originality and innovation (Harnad, 1982, pp. 1-2; Horrobin, 1990, p. 1439;
Duncan, as cited by Chubin, 1976, p. 460). Peer review tends to maintain the status
quo; scientists learn as graduate students "that professio nal, peer-reviewed journals
frown on pioneering research" (Blum, 1995, para. 1, 3, 6). Referees are not held
accountable to authors or evaluated for fairness and current expertise, and receive no
training. Reviewers can be biased in many ways, including author status, affiliation,
country, subject matter, and method (Lock, 1986, pp. 27, 29-31, 78-79; Weller, 2001, p.
238; Moran, 1998, p. 11; Baue, 1985, p. 887). Peters and Ceci (1982) demonstrated
systematic bias against unknown authors or unknown institutions by resubmitting
previously accepted papers to the same journals but with fictitious authors and
affiliations (eight out of nine were rejected) (pp. 188-189). Other concerns include poor
editorial judgment, low reviewer agreement, and the fact that, with persistence, many
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rejected articles are eventually published in a peer-reviewed journal (Harnad, 1998,
para. 4-6; Peters & Ceci, p. 187; Lock, pp. 39-41).

Grey Literature
Grey literature is defined as networked information produced by all levels of
government, academics, business, and industry in electronic or print formats. It is not
controlled by commercial publishing, and is generally not peer-reviewed. No definitive
list of characteristics exists to distinguish peer-reviewed from non peer-reviewed
journals (Miller & Serzan, 1984, p. 673). Articles from non-scholarly publications tend
to be much shorter than peer-reviewed articles, non peer-reviewed publications are not
indexed in mainstream scientific indexes like Web of Science, and articles published in
non peer-reviewed periodicals lack the authority of those from peer-reviewed
publications (Durgom, 1998, pp. 41-42; Horrobin, 1990, p. 1440). The comparison
between a peer-reviewed journal (Physical Therapy) and a non peer-reviewed magazine
(PT Magazine) highlights the main differences.
Just as you're unlikely to find personal profiles and glossy photo layouts in Physical
Therapy, you won't find research reports or literature reviews in PT [nor] articles
that make claims or draw conclusions regarding the effectiveness or efficacy of any
particular intervention, techniques, or device...[nor] unpublished research results,
literature reviews, instructions for performing specific clinical procedures, case
studies...and arguments for or against specific scientific theories underlying clinical
practice. (Fosnaught, 2000, para. 3, 4, 8)
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Popular and semi-popular journals such as Scientific American and American
Scientist play a role in diffusing knowledge about peripheral disciplines (such as
parapsychology) to other scientists (Collins & Pinch, 1979, p. 256).

Multiple Authorship
The frequency of collaborative research and of multi-authored publications,
particularly in science and medicine, has risen steadily for over a century, with multiauthored scientific papers becoming the norm in 1955 (Smart & Bayer, 1986, p. 297;
Croll, 1984, p. 401; Weller, 2001, pp. 121-124; Rennie & Yank, 1998, para. 3). All
disciplines were affected, e.g. multi-authored sociology papers rose from 1% in 1900 to
32% in 1965 while 97% of medical and 70% of biology papers were multi- authored by
the 1980s (Oromaner, 1975, p. 147; Cronin, 1995, p. 8; Stokes & Hartley, 1989,
p. 101). Overall, the average number of authors increased from 1.83 in 1955 to 3.9 in
1999, while between 71% and 95% of science articles are now multi-authored (Cronin,
2001b, p. 560; Weller, pp. 121-124).
The rise in collaborative authorship can be attributed to the professionalization of
science, an increase in interdisciplinary research, the development of "big science," the
U.S. federal funding system, and increasing specialization and technical sophistication
(Cronin, 2001b, p. 563). Financially supported research has a larger number of authors
and technical assistants than non-supported research, an indication for some that
"collaboration arises more from economic than from intellectual dependence" (Heffner,
1981, pp. 5-6, 8-9; Price & Beaver, 1966, p. 1013). The inverse is also true, namely a
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field's economic value is judged by the number of cooperative authorships it contains
(Chubin, 1976, p. 453).
Many believe that collaborative research is more visible, of a higher quality, and
more cited than singly authored research (e.g., Smart & Bayer, 1986, p. 299), while
others equate co-authorship with increased productivity and higher citation scores (Katz
& Hicks, 1997, p. 554). Multi-authored papers are much more likely to be accepted for
publication, and are more frequently cited (Cronin, 1995, p. 8; Bridgstock, 1991, pp.
37-39; Smart & Bayer, pp. 297-298). The most prolific authors have the most
collaborators, with one new collaborator on average for each new paper, resulting in a
core of extremely active researchers surrounded by a large population of one- or twotime collaborators (Price & Beaver, 1966, pp. 1014-1015). About 40% of researchers
collaborate outside their institutions. Collaboration patterns are academic researchers
with academic partners, and industrial researchers with academic partners (Debackere
& Rappa, 1994b, p. 357).
"Ghost" authors (subordinates who are not listed as authors), and honorific authors
have been pegged as high as 11% and 19% of articles, respectively, while 20
individuals (probably heads of laboratories) authored an article every 11 days during
the 1980s (Kassirer & Angell, 1991, p. 1511; Rennie, Yank, & Emanuel, 1997, p. 580;
Cronin, 2001b, p. 563). At the other end of the spectrum lie research assistants and
technicians, who are often not accorded authorship because of the general belief that
"long hours of work… which involve no intellectual contribution" do not merit author
status (Croll, 1984, p. 404; Huth, 1993, p. 134; Shapin, 1989).
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Traditionally, journals list authors in descending order according to contribution.
First authors typically do most of the work (55%), second authors about 30%, and last
authors only 23% (Vinkler, 1993, p. 218). However, readers tend to credit the most well
known author with the study, even when this person is not listed first. As a result,
young researchers may list an established scientist as second author to help get their
paper past reviewers or launch their career (Croll, 1984, pp. 401, 403; Donovan, 1995,
para. 1). Moulopoulos, Sideris, and Georgilis (1983) concluded, "no accurate
conclusions can be drawn as to the relative research activity of an author compared
with that of his coauthors or as to the individual mainly responsible for the quality of
the paper" (p. 1610).
Multi- authorship created such problems for medical journals that the International
Committee of Medical Journal Editors (1993) published guidelines.
Each author should have participated sufficiently in the work to take public
responsibility for the content. This participation must include: (a) conception or
design, or analysis and interpretation of data, or both; (b) drafting the article or
revising it for critically important intellectual content; and (c) final approval of the
version to be published… Persons who have contributed intellectually to the paper
but whose contribution does not justify authorship may be named and their
contribution described -- for example, "advice," "critical review of study proposal,"
"data collection," "participation in clinical trial." Such persons must have given
their permission to be named. (p. 125)
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Acknowledgements
References represent only about 15% of a paper's influences (MacRoberts &
MacRoberts, as cited in Stokes & Hartley, 1989, p. 104). One solution proposed to
improve tracking of influence among scholars is to mine acknowledgements statements
for less formal recognition of assistance (Cronin, 1995). The Uniform Requirements for
Manuscripts submitted to Biomedical Journals define acknowledgements as
"contributions that need acknowledging but do not justify authorship" (International
Committee of Medical Journal Editors, as cited in Cronin, 1995). Acknowledgements
encompass a wider variety of inputs than citations, more accurately reflecting the
research process by transmitting such messages as "I am a member of this tribe," and "I
subscribe to this dogma." Despite the lack of written standards, acknowledgements are
remarkably consistent in style, form, and language across the disciplines, suggesting
that there is "an underlying set of tacit norms which govern the practice" (Cronin, 1995,
pp. 14, 19, 71). Two-thirds of all researchers read acknowledgements to assess the
provenance and relevance of an article. The vast majority (nearly 90%) have been
acknowledged themselves (Cronin, 1995, pp. 16, 94, 427, 429).
Acknowledgements are becoming increasingly common. All the research articles in
the 1990 volume of Cell contained an acknowledgements statement, as did 52% of
information science journal articles in the 1990s (up from 36% in the two previous
decades). Acknowledgements in sociological papers have increased faster than coauthorship (Patel, 1973, p. 81). The expansion in the number of collaborators has led to
the coining of a new term, "subauthor," which "refers to any person who has rendered
service in some capacity toward the research outcome, substantial enough to be
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acknowledged by the author" (Heffner, 1981, p. 6; Patel, p. 81). Such aid can be
technical or theoretical (Heffner, p. 6). Donovan (1995) describes the role of subauthors
as "fringe collaboration [from] the lower rungs of the scientific ladder," e.g., amateur
naturalists, technicians, undergraduate students (para. 2), while Cronin (2001b) likens
the role of scientific assistants to "a team of proto-authors working under the direction
of the master craftsman" (p. 561). Similarly, Stokes and Hartley (1989) remark, "not
everyo ne who has contributed significantly will be accorded a coauthorship.
Technicians, for example, are by no means always included as coauthors. If their
contribution is recognized, it will commonly be done in a note" (p. 122, footnote 3).
In scholarly circles, the co-author generally occupies the top stratus and the
acknowledgee the bottom stratus of the social stratification (Heffner, as cited in Cronin,
1995, p. 19). There is much debate over which status to confer, and on whom, e.g.,
"who is to say whether the least significant co-author's contributions were greater or
less than those of the most helpful acknowledgee?" (Bridgstock, 1991, p. 37; Cronin,
1995, pp. 19, 567). Collaborators are often acknowledged in footnotes, rather than
given authorship (Heffner, 1981, p. 6). An acknowledgement indicates "assistantship
and occupation of a subordinate position in academic science," for example, technicians
may spend a great deal of time on a project and receive an acknowledgement, while a
student's supervisor may contribute nothing and receive author status (Cronin, 1995, p.
19; Donovan, 1995, para. 1). Despite this, Cronin (1995) found no conclusive evidence
of "systematic withholding of co-authorship from status subordinates," just
misunderstandings and "occasional abuses of power" (p. 101).
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Acknowledgements can be the result of interpersonal relationships formed through
discussions, co-authorship, apprenticing/mentoring, and collegial contact, or the result
of services rendered (access to information or unpublished data, peer communication,
technical assistance, manuscript preparation) (Mullins as cited in Cronin, 1991, p. 231;
McCain as cited in Cronin, 1995, pp. 10, 38). Cronin (1991) postulates the existence of
"a population of hidden influencers… whose contribution to a field has expressed itself
less through prolific publication than through stimulating and guiding colleagues and
students," and whose contributions may be revealed through a systematic analysis of
acknowledgements in a given field (p. 236). These mentors may form the structural
core of every specialty, shepherding new scientists into it and sustaining their interest in
it (Chubin, 1976, p. 454). Because acknowledgements are an unobtrusive way to
uncover relationships between authors, they could be used to reveal social influence
among scientists (Chubin, 1975, pp. 364, 366; Cronin, 1995, pp. 13, 228).
Cronin (1995) has identified six categories of acknowledgements: paymaster
(grants, scholarships); moral support (e.g., permission to use others' work); grunt work
(editing, word processing, gathering data); technical (statistical analysis, programming);
prime mover (inspirational); and trusted assessor (critical analysis). These can be
collapsed into three categories: resources, procedures, and co ncepts, which are similar
to Mackintosh's categories of facilities, access to data, and help from individuals (as
cited in Cronin, 1991, p. 231).
The line between author and acknowledgee remains fluid, and varies between
communities. Rennie, Yank, and Ema nuel (1997) propose, "eliminating the artificial
distinction, mostly of a social nature, between authors and nonauthor contributors" (p.
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584). Ideally, co-authorship and acknowledgement data should be used together to
measure collaboration and interdependence in science (Cronin, 2001a, pp. 427, 2001b,
p. 564). Recent advances in extraction software have enabled researchers to compile
acknowledgement statistics automatically for computer science papers, and it appears
likely that this technique will be applied to other disciplines in the near future (Butler,
2004, para. 4-5).

Bibliometrics
Bibliometrics is the "quantitative analysis relating to the production, distribution
and use of the published or semi-published literature," including growth and
distribution over documentary types, languages, and journals (Lancaster, as cited in
Osareh, 1996, p. 152). It has also been described as the study of "the processes of
written communication and of the nature and course of development of a discipline"
(Pritchard, as cited in Osareh, 1996, p. 150). Bibliometrics is a subfield of
scientometrics, the study of the social aspects of scientific research through
"quantitative analysis of the generation, propagation and utilization of scientific
information aspects" (Braun et al., as cited in Osareh, 1996, p. 150). It is useful as a
non-intrusive way of mapping communication flows and of enriching data from more
traditional sources, such as surveys and case studies, and can also be used to identify
specialties within larger fields (Borgman, as cited in Osareh, 1996, p. 151; Osareh,
1996, p. 151).
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Citation Analysis
Citations are the written manifestation of debts between scientists over time, and as
such are the basic measure of scientific development and activity (Cronin & Atkins,
2000, p. 3; Rice et al., 1989, p. 258). Citation analysis is a component of bibliometrics.
Its systematic use as a research tool for scientific behavior began in the 1960s (Rice et
al., p. 257).
Unlike interviews and questionnaires, citations are unobtrusive, and readily
available (Webb, as cited in Osareh, 1996, p. 153). Citation analysis is used to describe
social and intellectual networks, the transfer of ideas between fields, the impact of an
individual on peers, career trajectories, the degree of trustworthiness and "trustingness"
between scholars, new research fronts, and relationships among authors, articles,
journals, and concepts (J. R. Cole, 2000, p. 281; Davenport & Cronin, 2000, p. 517;
Garfield, as cited in Osareh, 1996, p. 154; (Rice et al., 1989, pp. 257-258). Different
categories of citations be studied: a) citations to a given document; b) co-citations of
articles appearing in two or more reference lists; c) co-citations of authors; d) citations
to journals to determine their quality, utility, or impact; and e) citations among journals
(Rice et al., pp. 257-258). Co-citation analysis, invented in 1973, makes the links
between jointly cited papers explicit. Clusters of co-cited documents can then be used
as indirect indicators for the birth, growth, and death of scientific specialties (Bellardo,
1980-1981, pp. 231-232).
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Web of Science
Garfield founded the Institute for Scientific Information (ISI) in the late 1950s and
began publishing the first citation index for scientific literature, Science Citation Index
(SCI), in 1961, followed by indexes for social sciences (1966), and the arts and
humanities (1976). Its ranking of journals began in 1973 with the Journal Citation
Reports, which ranked journals by number of citations and by impact factor (Osareh,
1996, p. 154). ISI grouped its science databases under the title Web of Science in the
late 1990s, and later grouped all of its products under the heading Web of Knowledge.
For Garfield (1979), the motivating factors behind the creation of SCI were
the diversity of the insights it provided about the literature of a particular subject
and the efficiency and stability with which they could be stated. By using author
references to index documents, the limited ability of a subject indexer to make
connections between ideas, concepts, and subjects was replaced by the far superior
ability of the entire scientific community to do the same thing. This meant that a
citation index would interpret each of the documents it covered from as many
viewpoints as existed in the scientific community. (p. 9)
In the early 1960s, there was no commonly accepted definition of a journal, many
did not last, and "many so-called scientific journals...publish little, if any, material that
is a serious attempt to help solve research problems" (Garfield, 1979, p. 20). While core
journals were easily identified for a particular field, "the difficult part of the job lies in
trying to make the coverage as complete as possible by expanding it beyond the core"
(Garfield, p. 20). Due to extensive overlap between disciplines, a core literature of
about 1,000 journals covers the important literature in all scientific domains. For a
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particular discipline, 95% of the significant literature can be found in 500 to 1,000
journals. In 1969, 500 journals accounted for 70% of material indexed in SCI, and 250
journals covered 50% of the material (Garfield, p. 21). S. Cole (2000) confirms that
high quality articles are very highly concentrated in a few journals (p. 116).
Many publishers view inclusion in ISI as prestigious. New journals are judged by
publisher reputation, the geographic representation of the editorial board, reliable
publication dates, and format and bibliographic standards (Garfield, 1979, pp. 24-25).
ISI's journal impact factor, calculated by dividing the number of articles published by
the number of citations a journal receives in a given year, is widely used as a selection
tool for journals (Garfield, p. 24). According to Zipp (1999), however, most new
journals are not added until they are well-established (para. 20). ISI's decision to add a
journal depends on "the opinions of experts in the field..., recommendations of
subscribers (solicited and unsolicited), the track record of individuals on the editorial
board,...the subscriber base of the journals," and longevity (Garfield, p. 24).
It was not until the 1970s that "the broadly based SCI" became available (Narin,
Hamilton, & Olivastro, 2000, p. 337). In 1979, SCI indexed 3,000 out of about 10,000
scientific journals, and "was sampling relatively fairly from the world's literature in
most of the disciplines" (Garfield, 1979, p. 23; Narin, Hamilton, & Olivastro, p. 347).
Durgom (1998) concluded, "ISI does, in fact, appear to identify a large portion of
'quality' research articles" (pp. 22, 79).
ISI's comprehensive databases spanning several decades have made it possible to
explore "the intellectual and social networks that underpin the processes of knowledge
construction and communication [and] construct high fidelity narratives of intellectual
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advance within and across disciplines" (Cronin & Atkins, 2000, p. 3). By the 1980s,
university researchers were regularly evaluated using ISI's citation indexes because "it
is one of the few sources that is available, it products result[s] quickly, and it provides a
great deal of the desired data" (Durgom, 1998, pp. 2, 7).

Citation Analysis Methodology
Citation indexes can be used to measure productivity by author or discipline,
evaluate a country's research output, study co-authorship trends, establish frequency
distribution (e.g., the impact of a particular paper), and perform co-citation analysis of
documents or journals (Wissmann, 1993, p. 375). Citation mining, to study author
characteristics for example, is highly labor intensive and requires a "substantial amount
of human judgment" (Kostoff, del Rio, Humenik, Garcia, & Ramirez, 2001, p. 1155).
SCI has been used to study Korean chemistry papers published in international
journals to produce a picture of trends within a single university department over a
period of years (Kim & Kim, 2000). In a study of sociological journals, the impact of
articles from three core journals was determined by reviewing citations for the 10-year
period after publication and setting thresholds based on the results, i.e., uncited papers'
citations had no impact, those cited 1-2 times had low impact, those with 3-6 citations
had medium impact, and those with 7+ had high impact (Oromaner, 1975, pp. 148,
150). Smart and Bayer (1986) used a similar approach to analyze a random sample of
single- and multi-authored papers from three core journals each in clinical psychology,
management science, and educational measurement taken from the same year (p. 299).
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The number of articles in a selected year represents the body of current information
in a field. The total body of recent information is the sum of publications in a given
period prior to the selected year. The aging of information is represented by the length
of the given period. Vinkler (2000) worked with periods of two, five and 10 years;
similarly, Garfield's impact factor for journals is based on a publication period of two
years (p. 167). However, Anderson (1991) found large differences in citation time lags
according to the field of study, e.g., molecular biology articles got most of their
citations within two years, but social sciences took much longer (p. 639).
Research productivity can be measured as total publication count, by select types of
publications (very often journal articles), or by percent of authorship (using fractions of
authorship for multiple authors) (Durgom, 1998, p. 24). There are three ways to count
authors in multi-authored works: a) straight counts (only first author receives credit); b)
whole counts (each author receives equal credit); and c) adjusted counts (each author
receives a fraction of the credit) (Cronin & Overfelt, 1994, p. 61).
Co-citation analysis is a technique of mapping particular areas of science using
authors as units of analysis (instead of articles) and co-citations of pairs of authors as
the unit of analysis. This technique reveals distances between authors (the more two
authors are cited together, the closer their relationship), types of authors (central,
peripheral, and "border," namely who belong to more than one area of research),
groupings of authors, and their relative position to each other (White & Griffith, 1981,
p. 163). Small and Griffith developed a co-citation analysis method that extracts a
subset of highly cited articles from the ISI database, establishing a threshold low
enough to contain all core documents, but high enough to exclude redundant
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documents. Pairs of documents that have been cited by the same paper (co-cited) are
clustered together, and authors are grouped into zones of influence within their
discipline (Garfield, 1979, pp. 100-102). This method "leads to clusters of highly cited
closely related papers, taken as the core of the research fronts" (Wissmann, 1993, p.
372). Another technique is to find pairs of articles, which share one or more cited
references. This technique is called "bibliographic coupling"; the relationship between
the two articles lies in the past (the opposite of co-citation coupling), and therefore can
be applied to new articles (Wissmann, p. 374).
Citation analysis of environmental geology journals revealed three clusters of
journals linked by weak citing relationships (Zipp, 1999, para. 15). Citations to articles
in four journals did not show that multi-authored papers were of a higher quality than
single-authored ones (Bridgstock, 1991, pp. 44, 46). A 10- year citation analysis of
library school faculty at two universities compared three different methods of counting
citations. They rejected straight counts (where only the first author receives credit)
because it failed to take multiple authorship and collaboration into account,
recommended normalizing citation counts by the length of time a faculty member had
been in the field, and noted "a statistically significant correlation between faculty
salaries and citation scores" (Cronin & Overfelt, 1994, p. 69).

Problems with Citation Analysis
Citation data must be used with caution. There is a tendency to underestimate
mutual influence and collaboration between citers, it is impossible to determine each
co-author's contribution, similar authors' names create confusion, authors frequently fail

46

to cite widely accepted ideas, citation "half- lives" vary by discipline and journal, and
the citation's value changes according to discipline (Rice et al., 1989, pp. 259-260).
Furthermore, self- citations can account for as much as 20 percent of citations received,
and ideally must be removed (Smart & Bayer, 1986, p. 301).
Although in 1979 ISI was indexing nearly one-third of scientific journals, by 1995
this had fallen to less than 5% (3,300 of 70,000) (Osareh, 1996, p. 221). Furthermore,
SCI is accused of elitism, favoring elite scientists and scientifically central countries,
while covering only a small fraction of the output from peripheral nations (Carpenter &
Narin, as cited in MacRob erts & MacRoberts, 1989, p. 346; Russell, 2000, p. 243;
Velho, 1986, p. 73). Bibliometrics is not a useful measure for technology literature,
which does not share the standardized structure of scientific publishing (Price, 1982, p.
169). Its coverage of foreign-language journals is very limited and its subject coverage
is skewed; for example, the allied health sciences are under-represented (Durgom,
1998, p. 70; Reed, 1995, p. 504. Braun, Glänzel, & Schubert, 2000, pp. 254, 273, 277;
Reed, 1995, p. 504). In one study, ISI captured 74% of science articles published by
faculty at three institutions, but only 24% of social science articles. Regional titles were
excluded altogether (Royle & Over, as cited in Durgom, 1998, p. 7). The emphasis is
on multidisciplinary rather than subject-specific journals, as well as on those heavily
cited in other journals. ISI was also shown to be biased by faculty rank in one study,
where full professors' capture rate was more than double that of associate professors.
Eighty-six percent of scholarly journal articles were captured in ISI but only 9% of
other types of journal articles, and capture rates by institution varied enormously
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(Durgom, pp. 68-69). Sixty percent of one author's articles located in a competitor's
search engine were not retrieved in SCI (Wissmann, 1993, p. 365).
ISI's Journal Impact Factor has been criticized as being too short-term (analyzing
the impact of articles from a particular journal for one to two years after publication),
and statistically suspect. For example, Nature and The Lancet receive artificially
inflated impact factors due to "uncitable" publications (editorials, letters) being
excluded from the article count, but citations to them are included in the citation count
(Moed & Van Leeuwen, 1995, pp. 461-462).
On a purely practical level, ISI uses the initial(s) provided by the author when they
cite papers, and there are many errors in these citations. This is further complicated
when some authors change their names. There are also the problems wit h homographs
(two or more authors with the same last name), the contraction of double names, and
inconsistent title entries (Osareh, 1996, p. 220; Wissmann, 1993, p. 366). The use of
abbreviations for departments and institutions complicates searches, e.g. "State
University of New York at Buffalo" is found by combining "SUNY" with "Buffalo" in
the author address field (Naylor, 1999, p. 2). Naylor found 78 errors out of 1453 when
double-checking references using the five-digit zip code (pp. 3-4). Finally, Simkin and
Roychowdhury (2003) proved that the laws of probability could account statistically for
the pattern of article citations, raising the specter of citation rates as the outcome of a
random statistical process, rather than a reflection of scientific worth (p. 1).
Not surprisingly, then, scientometric studies based only on SCI suffer from "a
significant loss of information," and should be supplemented with qualitative data,
especially from face-to-face interviews (Wissmann, 1993, p. 365; Royle & Over, as
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cited in Durgom, 1998, p. 7; Velho, 1986, p. 72). Even ISI's founder insists that citation
analysis should not be used to judge individual authors, but as an aggregate measure (J.
R. Cole, 2000, p. 292; Garfield, 1979, p. viii).

Tacit Knowledge
Explicit knowledge is shared as data, scientific formulas, specifications, manuals,
etc. and can be processed, transmitted, and stored relatively easily. In the West, it is the
dominant form of knowledge (Brown & Duguid, 2001, p. 50; Takeuchi, 2001, p. 319;
Nonaka, Toyama, & Konno, 2001, p. 15). Tacit knowledge is "the slow accumulation,
absorption, and impacting of high-quality idiosyncratic experience within a single
brain," acquired unconsciously for the most part through apprenticeship and other
interpersona l relations, especially with peers (Boisot, 1998, pp. 129-130; Cronin, 1995,
p. 102; Reber, 1993, p. 5; Lave & Wenger, 1991, pp. 57, 93). Highly personal and hard
to formalize, it encompasses subjective insights and intuitions (Nonaka, Toyama, &
Konno, 2001, p. 15; Takeuchi, 2001, p. 319; Polanyi, 1958, p. 352). According to
Polanyi, "all knowledge is either tacit or rooted in tacit knowledge" (as cited in
Bozeman, Dietz, & Gaughan, 2001, p. 721; see also, Collins, 1982, p. 46; Ravetz as
cited in Collins, 1982, p. 60).
Tacit knowledge is the antithesis of authorship, based as it is on the informal, oral,
unfiltered transfer of unwritten knowledge. Technology, which produces products and
processes rather than publications, is based on tacit knowledge (Price, 1982, p. 170;
Collins, 1982, p. 45). Folklore is also tacit knowledge, "[encompassing] all knowledge,
understandings, values, attitudes, assumptions, feelings, and beliefs transmitted in
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traditional forms by word of mouth or by customary examples" (Taylor, as cited in
Brunvand, 1998, p. 5). Some skills are more "tacit" than others (e.g., carpentry is more
tacit than algebra), and some individuals find tacit knowledge easier to put into words
than others. It is often associated with an ability to work with others, and is applicable
to real- life situations (Brown & Duguid, 2001, pp. 50-51). Operational knowledge
cannot be articulated explicitly fast enough or completely enough to be effective, and
the cost of articulating it can be more than it is worth (Nelson & Winter, 1982, pp. 76,
78, 82). In business, the more mature the market, the more knowledge about it is tacit
(Nonaka & Takeuchi, 1995, p. 231).
The transmission of tacit knowledge is associated with charismatic leadership and a
high trust environment, and happens most effectively in small groups of five to seven
individuals with good interpersonal relationships, and shared values (Von Krogh,
Ichijo, & Nonaka, 2000, pp. 9, 14, 125, 129; Boisot, 1998, pp. 130-132; Nonaka,
Toyama, & Konno, 2001, pp. 23-24, 37). Middle managers can connect upper
management's vision with frontline realities, while boosting employee morale (Von
Krogh, Ichijo, & Nonaka, 2000, pp. 4, 148, 163; Nonaka & Takeuchi, 1995, p. 15).
Conversely, communities with strong internal ties are less receptive to outside
ideas, and highly integrated teams do not document their work, which is lost when they
disperse (Brown & Duguid, 2001, p. 59; Baumard, 1995/1996, p. 175). Keeping
knowledge tacit avoids layers of bureaucracy, and allows a group to move forward
faster, but, when attacked, communities tend to close themselves to the external world,
and reduce the transfer of tacit knowledge (Galt, 2005, p. B11; Snowdon, 2002, p. 5).
Employees at all levels hold back information in the interests of self-preservation, and
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develop secretive, parallel systems for information sharing in hostile environments.
Reasons for withholding tacit knowledge are to sabotage rivals, to prevent ambitious
supervisors from stealing one's ideas, and because knowledge hoarding gives workers
"a greater sense of perceived control of their work situation, work spaces and work
relationships" (Millar, quoted in Galt, 2005, p. B11).
Science is a body of explicit, collective knowledge, while the tacit knowledge of a
collectivit y is fragmented, dispersed, and "sticky," i.e., so tied to its local context that it
cannot be exported into other contexts without losing its meaning (Baumard,
1995/1996, pp. 155, 157, 158). Scientific tacit knowledge has been described as "the
innumerable trials and errors that are not published but that are known to insiders and
the endless shop discussions among scientists and technicians about data, methods,
equipment, and the meaning of others' research" (MacRoberts & MacRoberts, 1989, p.
344). It inc ludes sharing gossip, visions, ideas for research, plans, and concerns, and
transferring procedures and techniques from one generation to the next (Kreiner &
Schultz, 1993, pp. 193-194; Toulmin, 1972, pp. 159, 161). Without interpersonal
communication, kno wledge fails to accumulate, with the result that research problems
are tackled again by successive generations (Crane, 1972, pp. 25-26).
As early as the 17th-century, "the tacit knowledge of the unlettered" was recognized
as a part of scientific learning.
Experimentalists were encouraged to take craft and artisanal knowledge seriously,
to extract that empirical and factual knowledge from those who possessed it, to give
it systematic form, and not to stint in that enterprise because of false notions of
socia l pride and prejudice. (Shapin, 1995, p. 395)
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It was the norm for centuries, and, when scientific methodology challenged it in the
late 19th century, there was strong resistance. Victorian doctors and 20th-century
American medical researchers both fought the change from tacit to explicit knowledge
(Porter, 1995, p. 202), and, less than a century later, Polanyi (1966) argued that tacit
knowledge was still an important element in the scientific process.
The declared aim of modern science is to establish a strictly detached, objective
knowledge...But suppose that tacit thought forms an indispensable part of all
knowledge, then the ideal of eliminating all personal elements of knowledge would,
in effect, aim at the destruction of all knowledge. The ideal of exact science would
turn out to be fundamentally misleading and possibly a source of devastating
fallacies. (p. 20)
In 2005, a fisherman with a master's degree in biochemistry won scientific
recognition for charting the decline of two commercially valuable fish species in Maine
using tacit knowledge from retired fishermen combined with scientific data
(Bhattacharjee, 2005).
Although by the late 20th century apprenticeship was an "anachronistic irrelevance
[connoting] both outmoded production and obsolete education," it remained a vital
element of many professions, including medicine, law, sports, the arts, business, and
high-energy physics (Lave & Wenger, 1991, pp. 62-63; Porter, 1995, p. 222; Snowdon,
2002, p. 2). Good research technicians are still said to ha ve "a 'feeling for' organisms,
data, or apparatus" (Shapin, 1989, p. 562). Apprenticeship is considered by some
American midwives to be the equivalent of a university education (Foley & Faircloth,
2003, p. 168). Similarly, formal education is seen as detrimental for apprentice butchers
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and quartermasters, while for Yucatan midwives it merely provides "face validity" and
scientific terminology without affecting practices (Lave & Wenger, 1991, pp. 73, 7677, 107).

Zoo History
The American zoo has its origins in the 19 th -century menagerie and circus. Circuses
were popular, and molded the public's perception of captive exotic animals, while the
menagerie "improves the mind, instructs and enlarges the common fund of human
knowledge, and may be looked upon, as the only pure and correct school...of natural
history" (Hyson, 1999, p. 16; Van Amburgh, as cited in Hyson, 1999, pp. 14-15). To
19th -century visitors, zoos were "a curious amalgam of circus and botanical garden,
dime museum and pleasure garden" (Hyson, 1999, p. 49). Twelve American zoos were
founded between 1869 and 1899, 27 were founded between 1900 and 1950, while a
further 25 were founded between 1951 and 1999 (American Zoo and Aquarium
Association, 1999).
The period 1950-1974 was a troubled one for both American and European zoos,
with rising criticism of quality of care and "the very morality of keeping wild creatures
in captivity" by both staff and outside activists (Hyson, 1999, p. 417; Van den Bergh,
1962, pp. 61-62). Starting in the late 1960s, zoos began replacing cages and tanks with
simulated natural habitats and to manage themselves more professionally. The
ecological movement and U.S. federal legislation, namely the Animal Welfare Act
(1966), the Marine Mammal Protection Act (1972), the Endangered Species Act
(1973), and the Convention on International Trade in Endangered Species (1973),
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hastened these changes (Kisling, 1993, p. 250, 2001a, p. 173). Affiliated as of 1924
with the American Institute of Park Executives and its successor, the Natio nal
Recreation and Park Association (NPRA), the 636 members of AAZPA left to form a
separate organization in 1972. Over the next 25 years, membership grew tenfold.
Accreditation became mandatory for all member institutions in 1985 (Wagner, 1996, p.
396). AAZPA changed its name to AZA in 1994 (Sherman, 1999, p. 15).
The primary mission of zoos was again radically transformed in the late 1980s, with
the emphasis no longer on entertaining the public through captive animals but on saving
endangered species (DeLeon, 1999, pp. 7-8). Zoos added research and education to
their mission, concentrated on breeding the estimated 1,500 or more species in danger
of extinction over in the next 50 years, and prioritized the conservation of endangered
species (Cain & Meritt, 1998, pp. 298-299; Fisher, 1967, p. 133). Cynics saw the new
emphasis on conservation as the result of prevailing social and cultural trends rather
than as a genuine commitment to research (Hyson, 1999, pp. 460-461).
By the 1990s, zoos presented themselves as conservation parks, actively involved in
international conservation projects, networking with conservation organizations, fund raising for conservation and habitat preservation, and politics, but also as "genetic
refuges and reservoirs," developing and transferring research technologies for small
population management, ecological restoration, contraception, genetic analysis, and
veterinary care (Drees, 2003, pp. 1-2; Kisling, 2001a, pp. 176-177; Rabb, 1994, pp.
159, 162-163; Hutchins, 2003, para. 15).
Unfortunately, this ambitious vision had to be reconciled with "rapidly increasing
numbers of endangered species, combined with sobering appraisals of limited zoo
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capacity, an apparent lack of habitat for reintroduction and the technical difficulties and
expense of reintroduction" (Hutchins & Conway, 1995, p. 117). The costs associated
with these new initiatives severely taxed zoos and aquariums, especially when coupled
with major cuts in tax deductions for zoos starting with the Reagan Administration. The
high costs of zoo-based research led critics to suggest that limited resources would be
better used on field research and conservation (Snyder, 1995 p. 37; Hutchins &
Conway, 1995, p. 124). This economic reality was at odd with zoos' desire to fulfill a
broader range of social functions (from family entertainment venue to conservation
organization) (Cain & Meritt, 1998, pp. 300-301). The most recent phase of zoo
evolution is the "environmental center," a business model that prioritizes marketing,
public relations, and fund-raising (Kisling, 2001b).

History of Zoo Research
Zoo biology is concerned with "the discovery, formulation and consideration of the
principles arising from the zoo and the basic research connected with this animal- man
confrontation" (Hediger, 1969, pp. 61-62). Zoo-based research began as early as the
16th century, but most place its debut at the end of the 19 th century (Hediger, 1964, p. 3;
Low, 1909, p. 15; Shufeldt, 1889, p. 782; Wemmer & Thompson, 1995, p. 70). Initial
work on anatomy at the Royal Zoological Society in the 1880s spread to comparative
biology, biochemistry, radiology, animal physiology, veterinary medicine, and
comparative medical research (Holloway, 1976, p. 24). However, very few American
zoos were involved in scientific research during this era (Hoage & Deiss, 1996, p. x;
Link, 1883, p. 1225).
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Scientific standards steadily improved during the first half of the 20 th century but
there were setbacks during the two World Wars and the Depression. By World War I,
zoo research was entering "the romantic age of research," and included fieldwork and
natural history, and by 1940, San Diego Zoo's director felt obliged to apologize for her
lack of a scientific background (Wemmer & Thompson, 1995, p. 72; Benchley, 1940, p.
v). Nutrition studies started at Penrose Research Lab at the Philadelphia Zoo in 1935,
and veterinary medicine overcame "beliefs in home remedies and resistance to booklearned knowledge" after World War II (Kisling, 1993, pp. 248, 250). After World War
II, zoos lapsed back to "centers of public recreation and sources of civic pride rather
than scientific institutions, [where] little research was conducted" (Hutchins, Paul, &
Bowdoin, 1996, p. 23).
In 1962, the American Association of Zoological Parks and Aquariums appointed a
Committee on Conservation of Wildlife, marking the beginning of captive breeding
programs, and Lang (1962) was praising "the substantial progress that has been made in
keeping wild animals...due to the correct feeding methods developed by lo ng-term
scientific research" (p. 63; Hyson, 1999, p. 467). By 1968, many zoos were performing
research in medicine, behavior, and systematics, keeping accurate records, and
developing new breeding techniques (U.S. Dept. of Health, Education, and Welfare,
1968, p. 2; Fisher, 1967, p. 205).
After the Endangered Species Act and other legislation in the early 1970s made it
much more difficult to import exotic animals, even more emphasis was placed on
captive breeding and other applied research (Eisenberg, 1975, p. 15; Hyson, 1999,
pp. 463-464; Wemmer & Thompson, 1995; pp. 72-73). Pressure from animal rights
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groups and the professionalization of the zoo workforce worked to make research
increasingly important during the 1970s and 1980s (Hutchins, Paul, & Bowdoin, 1996,
pp. 23-24). The first symposium dedicated to research in zoos and aquaria held in 1973
covered behavioral stress, inbreeding, and computer inventories of endangered species,
while one the following year focused on pathology (Kawata, 2002a, para. 11; K.
Kawata, personal communication, November 27, 2005). By the mid-1970s, all large
and medium-sized zoos had established research programs (Burghardt, 1975, pp. 103,
132). Large off-site breeding facilities were also opened, e.g., San Diego Zoo's Wild
Animal Park in 1972, National Zoo's Front Royal breeding center in 1974, and New
York Zoological Society's Wildlife Survival Center on St. Catherine's Island in 1975
(Hyson, 1999, p. 469-470).
Research programs in U.S. zoos were still considered a luxury in the early 1980s,
and few zoos had in-house scientists before then (Eisner, 1991, p. 10). The creation of
AZA's Species Survival Plans in the 1980s provided incentive for the remaining zoos to
start participating in research (Joslin, 1982, p. 22). The founding of Zoo Biology in
1982 also helped promote zoo-based research (Hardy, 1996, p. [5]). Kisling (1993)
reports that in 1983 70% of the 120 zoological parks surveyed did research and 57%
published their findings (p. 251). By the mid-1980s, zoo-based research was
concentrating on reproduction, behavior, biomedical, conservation, husbandry,
physiology, pathology, and genetics. Research activity increased during the 1980s and
1990s, after AZA made it a priority (Kisling, 1993, p. 251). A second zoo research
conference was not held until 1995. It emphasized the role of the veterinarian, field
research, and the research review process (Burghardt, 1996b, pp. 1-2).
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Current research encompasses environmental enrichment, behavioral ecology,
molecular biology, systematics, genetic variation, conservation biology, and nutrition
(Hardy, 1996, p. 8; K. Kawata, personal communication, November 27, 2005). In 2000,
AZA established a Science Task Force "to examine and report on the future role of
science in the profession, " and its Scientific Advisory Groups coordinate cooperative
research projects and provide technical advice (Hutchins, 2003, para. 9). Promising
areas of zoo research include marketing and visitor research (Hutchins & Smith, 2003,
para. 19).
Institutional priorities are more important than institutional size or budget for
research productivity. For example, Roger William Park Zoo, with only 30 employees
and a 1993 budget of about $1 million, supports a full-time research director (Lindburg,
1993, p. 317).

Current Zoo Research
The stakes for zoos to maintain or improve their place within society are high. "If
wildlife and habitat conservation efforts prove unsuccessful, zoos and aquariums of the
future will lose much of their societal relevance" (Hutchins, 2003, para. 42). Zoos are
under pressure to improve breeding, caretaking, and exhibiting (Burghardt, 1975, pp.
103-104). Politics continue to play a role in which animals are researched (Cohn, 1992,
p. 656). The size of the task zoos have set for themselves is daunting - more than onehalf million species worldwide are threatened. Zoos have been able to address enhanced
reproduction and recovery for fewer than 2,000 of these, and can realistically hope to
save fewer than 800 species (Kirkpatrick, 1996, p. 43). Despite better funding, research
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in American zoos has historically lagged behind that in European zoos (Austin, 1974, p.
4; Maple, 1996, p. 79; Hardy, 1996, p. [5]; Bekiares, 1997, p. 370).
Zoo research in North America models itself on academic institutions, e.g.,
producing "high-quality publications produced with reasonable frequency by research
staff and affiliates, and routine submissions for research grants from outside
foundations and agencies" (Maple & Archibald, 1993, p. 122). While the Nationa l Zoo
is the only zoo to have fully implemented this approach, formal research programs exist
at 44% of AZA member institutions, and 69 American zoos and aquaria had
conservation programs in 1990 in 63 countries (Page, 1990, p. 151; Hutchins, 2003,
para. 9; Cohn, 1992, p. 657). Zoo researchers eventually incorporate innovations from
mainstream science, such as veterinary management techniques and genetic
management of animal collections (Burghardt, 1996a, p. 99; Miller, 1996, p. 129;
Lindburg, 1993, p. 317). In 1998, U.S. zoos, aquariums, and botanical gardens
employed 110 science managers, 210 life scientists, and 250 technicians. Most zoo
researchers had a Ph.D. in the life sciences (Crosby, 2001, pp. 11-13).
Between 1990-1994, the AZA Science Conservatio n Office inventoried 1,353
research papers by member institutions, of which one-third were in veterinary science,
10% behavioral, and 17% in reproductive biology; in 1996/1997 alone, over 1,200
projects were inventoried (Hutchins, Paul, & Bowdoin, 1996, p. 25; Kisling, 2001a,
p. 173). Zoo research places a heavy emphasis on behavior, reproductive physiology,
and ecology/natural history, usually from five families of animals (Old World monkeys,
Greater apes, felids, cervids, and bovids) which are "are very well represented in zoo
collections" (Hardy, 1996, pp. 9-10). Because veterinarians have historically dominated
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zoo research, there has been a bias against soft sciences such as ethology and
psychology, and towards population and genetic assessment, which are "based on
objective evidence" (Burghardt, 1996, p. 96). Captive management, veterinary
medicine, pathology, and parasitology research results are much more likely to be
published than those from behavioral research. No studies on nutrition and diet of
primates, and only a few of exhibit design, ecology, veterinary medicine, pathology,
and parasitology were uncovered (Hardy, 1996, pp. 7, 11).
Zoo biology is an applied discipline, although some basic research does take place
in zoos (Hardy, 1996, p. 13l; Thompson, 1993, p. 155; Burghardt, 1975, p. 132;
Hutchins, 1988, p. 11; Finlay & Maple, 1986, p. 266; Robinson, 1998, p. 82; Kleiman,
1996, p. 15; Hardy, 1996, pp. 7, 11; Page, 1990, p. 151). Tension between basic and
applied research in zoos has persisted since at least the turn of the century (Benirschke,
1975, p. 10; Bekiares, 1997, p. 371; Bridges, 1966, pp. 292-293). Applied studies have
a higher priority because they provide immediate solutions to current problems (Maple
& Archibald, 1993, p. 110; Kleiman, 1996, p. 17; Eisenberg, 1975, p. 14). Even the
New York Zoological Society prefers projects with "a demonstrable impact on captive
animal management and breeding" over basic research, and Zoo Biology increasingly
publishes applied rather than basic papers (Hutchins, 1988, p. 11; Kleiman, 1996, pp.
17-19). An extreme view is that zoo research should only benefit species that "can
prove their worth through their contributions to agriculture, technology and other
down-to-earth activities" (Norman Myers, as cited in Bendiner, 1981, p. 3).
Stoinski, Lukas, and Maple (1998) found,
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that much of the research being conducted, particularly in specific fields, is not
being published. The lack of publication could be a result of the informal nature of
many zoo and aquarium projects, or due to the fact that the majority of institutions
do not reward employees for publishing... the majority of zoos and aquariums have
no staff employed solely for research purposes, which suggests that research is not
yet fully integrated. (p. 178)
A 1983 survey of zoo herpetological literature found that only half of the published
research actually took place in a zoo setting (in one -third of cases, authors received
financial or material support from a zoo, or conducted graduate work p rior to joining
zoo staff). Three institutions accounted for 70% of published research in the three top
herpetology journals, with half of participating zoos associated with only one paper.
Inter- zoo collaboration was low (20%), while zoo-university partnerships accounted for
two-thirds of papers (Sajdak, 1983, p. 150).
One critic doubts zoos' research contributions to marine mammal research. "No
empirical research is being conducted on rehabilitation and reintroduction or long-term
captives or captive-bred animals" (Rose, 1996, p. 70). For others, zoo research exists
only thanks to "exceptionally dedicated and motivated individual staff members, rather
than a bureaucratic and corporate framework" (Mazur & Clark, 2002, pp. 192-193).
Most research projects are based on local needs and interests, rather than national or
international priorities (Thompson, 1993, p. 155).
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Outside Researchers
There has been a long history of cooperation between universities and large and
mid-sized zoos (Black & Curtis, 1981, p. 1). Zoos see universities as "untapped
reservoirs of knowledge and expertise which zoos may wish to utilize in their scientific
and educational programs" (Hardy, 1992, p. 18). In a 1986 survey, 89% of AZA
member institutions said they encouraged outside scientists to conduct research at their
facility (Finlay & Maple, 1986, pp. 263-264). Academic authors accounted for 36% of
senior authors of Zoo Biology articles between 1992 and 1997. Collaborative efforts
between zoo personnel and university personnel (including students) accounted for
26% of articles, while university staff solely authored 31% of articles, and zooaffiliated staff solely authored 30% (Wemmer, Rodden, & Pickett, 1997, pp. 5-6).
Nearly all zoos allow outside researchers to study their collections (94%) (Stoinski,
Lukas, & Maple, 1998, p. 170). Research conducted in zoos affiliated with universities,
other research institutions, or museums, is more likely to be published in a refereed
journal (Stoinski, Lukas, & Maple, 1998, p. 173).
Zoos have generally set up research departments with core research staff, with guest
investigators, and students rotating in attendance (Eisenberg, 1975, p. 13). According to
Conway (1969), "zoos and universities located close to each other often establish joint
programs" (p. 48). Financial motives lie behind some collaborative efforts, as
universities have slashed budgets (Wemmer & Thompson, 1995, p. 74; Van den Bergh,
1975, p. 38). The zoo offers several advantages for the outside researcher: animals that
are habituated to human contact and whose genealogical relationships are known,
manipulable environmental variables, the opportunity to study animals that are difficult
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to observe in the wild, and access to zoo staff, who constitute "a rich source of
hypotheses and suggestions" (Kleiman, 1996, p. 16; Bekiares, 1997, p. 370; Conway,
1969, p. 52; Samuels, 1996, pp. 73, 77; Moran & Sorensen, 1984-1985, p. 148).
Moreover, zoos offer a broad range of species, making them ideal for comparative
studies (Conway, 1969, p. 52; Moran & Sorensen, 1984-1985, p. 145).
Hardy (1996) forecasts an even greater need for collaboration between zoos and
universities in order to tackle research in conservation biology and restoration ecology,
which "is more likely to be university-based rather than zoo-based" (p. 13). Chiszar,
Murphy, and Smith (1993) agree: "We see the decade of the 1990's as a time that zoouniversity collaborations must make significant progress in dealing with empirical and
theoretical issues of mutual interest" (p. 488). Despite this, few Ph.D. candidates hired
by zoos hold joint positions at their former academic institutions, or otherwise maintain
direct relations with universities (Fernandez, 2004, p. 1).
Despite decades of cooperation, zoos have trouble attracting and keeping
researchers (Kawata, 2002a, para. 7). After interviewing numerous zoo and academic
researchers in 1984, Hardy (1992) concluded,
Working relationships were at best tenuous and usually non-existent. Formal
agreements between these institutions were very rare indeed. The few successful
links found to exist between university and zoo professionals were largely
dependent upon two things: the attitude that individual zoo directors had toward the
university and the personalities of the zoo and university people involved. Virtually
no institutional commitments on the part of universities or zoos to each other were
found. Indeed, the long-term success of university/zoo relationships often hinged
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upon whether or not university students were well accepted by the keepers or other
staff with whom they had contact. (p. 17)
The underlying causes are numerous, ranging from limited infrastructure to culture
differences, narrow subject scope, and "distracting activities…[which have] a
devastating effect on scientific productivity" (Benirschke, 1975, p. 9; Kaufman &
Zaremba, 1995, pp. 130-131, 134; Hopla, as cited in Burghardt, 1996, p. 2; Hopla,
1975, p. 212). There has also been animosity towards academe from the zoo
community. Zoo staff distrust "arrogant intellectuals who arrive suddenly to conduct
esoteric scientific studies of a relatively short duration" (Beck, 1975, pp. 99-100;
Kleiman, 1996, p. 19; Kaufman & Zaremba, 1995, p. 136; Rose, 1996, p. 70; Moran &
Sorensen, 1984-1985; p. 151; Hediger, 1969, p. 60). A long-standing criticism of
outside researchers is that they fail to transfer research results back to zoo staff. In
addition, results are often not directly relevant (Burghardt, 1996b, p. [1]; Wemmer &
Thompson, 1995, p. 73; Hardy, 1992, p. 19; Benirschke, 1975, p. 3).
For academics, applied research in zoos is "less rewarding and… less stimulating"
than basic research performed in the same setting (Benirschke, 1975, p. 9). Even those
academics who prefer to perform research in zoos face negative attitud es. "Expect little
respect from the general public if you want to work in zoos. We don't hold animal
husbandry jobs in much esteem in our society" (Taylor, n.d., para. 8). In field
conservation initiatives, "zoos and aquariums have too often been seen only as a source
of funds and not as true partners" (Hutchins & Conway, 1995, p. 126). Negative
attitudes from field herpetologists towards zoo-based research have excluded captive
management from mainstream endeavors and resulted in "fragmentary, opportunistic
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work and hit-or-miss conservation" (Chiszar, Murphy, & Smith, 1993, pp. 488-489,
495). A significant amount of zoo-based research is performed unilaterally by
universities, and even cooperative research results are often published in journals
outside the zoo profession (Wemmer, Rodden, & Pickett, 1997, p. 7).

Barriers to Zoo Research
Jarvis (1967) wrote that, "there probably has been less progress in zoo theory and
practice during the past 4,000 years than in any other comparable field" (p. 129; also,
Kisling, 1993, pp. 247-248; Mullan & Marvin, 1987, p. 114). Wemmer, Rodden, and
Pickett (1997) reviewed the first 15 years of Zoo Biology and concluded that either
"most zoos are not publishing their research findings in Zoo Biology" or "most zoos are
not seriously engaged in research" (p. 8). Zoos in the mid-1980s gave financial
considerations as the main reason why they were not conducting research (77%),
followed by lack of trained staff (46%) (Finlay & Maple, 1986, pp. 263-264).
Zoos have not been able to shake the general perception of them as an
entertainment venue "rather than [an institution] of scholarly, scientific, or conservation
pursuits" (Mazur & Clark, 2002, p. 188; Hediger, 1969, p. 59; Maple & Archibald,
1993, p. 111; Veltre, 1996, pp. 27-28; Hyson, 1999, p. 476, Hoage & Deiss, 1996, p.
vii; Snyder, 1995, p. 38). Critics question whether zoos should manage endangered
species without outside surveillance, given their "dismal success record of
reintroductions of captive -bred animals to the wild " (Snyder, pp. 36-37). Exotic animal
reproductive research has raised ethical questions, particularly from animal welfare
groups (Kirkpatrick, 1996, p. 42).
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Many zoos have not yet established Institutional Animal Care and Use Committees
(Schaeffer, 1996, p. 111; Bielitzki, 1996, pp. 107, 110). Zoo researchers are quite aware
of the public relations aspects of their work, and are increasingly vulnerable to
manipulation by public and private funders (Thompson, 1993, p. 156; Conway, 1969, p.
51; Mazur & Clark, 2002, p. 195). Zoos have been accused of exaggerating their
contributions to conservation and education (Mazur & Clark, 2002, pp. 189-190).
Ironically, while conservation has been AZA's highest priority since 1980, it is also its
lowest-ranked budget item (Tilson, 1995, p. 176). The current trend towards
privatization also affects funding (Hutchins & Smith, 2003, para. 5).
Altmann (1996) warns that "zoos are different, different from university and
museum research settings, different from field research settings, however much they
have come to share some aspects of these other settings" (p. 134; see also Fernandez
Timberlake, 2005). Zoo staff operate in "constant crisis mode" and cannot concentrate
on research (Kleiman, 1996 p. 20; Moran & Sorensen, 1984-1985, p. 147; Crowcroft,
1978, p. 7; Altmann. 1996, p. 134). Benirschke (1975) describes some of the problems
encountered.
Animals in collections would not be manipulated at will, refusing to be immobilized
with ease or at a specified time; the already ove rburdened zoo personnel could not
help; the investigator was summoned to the death of his favorite creature at an
inconvenient time. (p. 3)
There are also strong philosophical differences. Unlike laboratory research, zoo
research encourages researchers to develop a rapport with their animals.
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The zoological garden and the circus are diametrically opposite to laboratory
experiments in animal psychology as far as the sympathetic attitude between man
and animals is concerned. In scientific experiments, any emotional influence of the
investigator upon the animal under experiment is carefully avoided, but these
emotional relations play the chief part in the zoo and circus...In contrast to the
principles of animal observation with maximum exclusion of the animal- man
relationship, essential for experiments in the laboratory, in the zoological garden,
the animal- man relationship should be allowed full-play. (Hediger, 1964, p. 163;
see also Pinchin, 1992, p. 5)
The lack of familiarity with scientific protocols and scientific scholarly
communication, and a lack of standardization pose serious problems, as do limited
sample sizes and the difficulty of creating a "testable" research question in a public
setting (Hutchins & Smith, 2003, para. 11; International Union of Directors of
Zoological Gardens, & International Union for Conservation of Nature and Natural
Resources, 1992, pp. 71-73; Moran & Sorensen, 1984-1985, p. 151; Burghardt, 1996, p.
97; Conway, 1969, p. 51; Hardy, 1996, pp. 6, 13; Beck, 1975, p. 99; Mazur & Clark,
2002, p. 189; Jarvis, 1967, p. 132; Page, 1990, p. 131; Bendiner, 1981, p. 136; Austin,
1974, p. 1; Wemmer & Thompson, 1995, p. 87). Lindburg (1993) worries that scientific
information could be dangerous is applied without appropriate staff expertise (p. 318).
The lack of written guidelines means that conditions of use must be orally agreed upon,
and "informal agreements can lead to abuse or misuse by researchers and leave
negative impressions" (Finlay & Maple, 1986, p. 266). At the most basic level, ma ny
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zoos still do not have access to computer equipment or the Internet (Hutchins, 2003,
para. 10-11).
Trial and error remains an integral part of zoo operations at every level (Benchley,
1940, p. 5; Robinson, 1998, pp. 69-70; Perry, 1969, p. 32; Page, 1990, p. 78; Burghardt,
1996, p. 91; Dresser, as cited in Luoma, 1987, p. 111). Experiments are often hampered
by exhibit - imposed constraints, and zoo animals can have significant or even
pathological behavior changes (Robinson, 1998, p. 77; Moran & Sorensen, 1984-1985,
p. 151; Mullan & Marvin, 1987, p. 1, 159; Hutchins, Paul, & Bowdoin, 1996, pp. 2829; Conway, 1969, p. 51). Whether captive animals are even useful for scientific
research is also questioned (Rose, 1996, p. 69; Fernandez & Timberlake, 2005, pp. 3,
10).
Some commentators argue that there must be a "critical mass" of investigators in
order for zoo-based research to be effective. Zoo Atlanta aimed for three full- time and
six part-time staff, while Cincinnati Zoo projected 25 research staff (Benirschke, 1975,
p. 5; Hopla, 1975, p. 212; Finlay & Maple, 1986, pp. 114, 266; Kaufman & Zaremba,
1995, p. 135; Eisner, 1991, p. 1). Others warn that creating a separate zoo research
department reinforces stereotypes of the researcher as an elitist, and puts researchers on
the defensive (Eisenberg, 1975, p. 16; Hutchins, 1988, p. 17). A recent survey revealed
that zoo researchers prioritize their own research and that of outside researchers over
husbandry research conducted by other staff, consider the communicat ion of research
results to staff as a low priority, and prefer writing papers to working with the
collection staff, concluding that zoo research priorities "influence animal management
only tangentially, if at all" (Lukas, in press).
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Not surprisingly, Eisenberg (1975) advises hiring researchers who are
"temperamentally sympathetic to the overall aims of the zoological park" (p. 14). Zoos
have been accused of over-emphasizing species-based conservation, plagued by
"extreme costs, the need for intensive mana gement and high levels of inter-agency
cooperation," to the detriment of long-term, comprehensive ecosystem restoration
(Mazur & Clark, 2002, p. 185; Drees, 2003, p. 1; Conway, 2000, pp. 11-12). Many zoos
are convinced that research requires "development or implementation of expensive
biotechnology," a perception that is reinforced by the media (Thompson, 1993, p. 156).
A liaison person is needed between outside researchers and the zoo. Lindburg (1993)
suggests hiring a Curator of Applied Science, "to read the literature and to extract from
it that which is locally applicable" (p. 318).
Although the World Zoo Conservation Strategy states that, "each zoo employee
should be involved either directly or indirectly in [research]," staff are not always
supportive of research (International Union of Directors of Zoological Gardens, &
International Union for Conservation of Nature and Natural Resources, 1992, pp. 6869). In-house researchers must take care not to conflict with animal-care staff. "A
research unit is only as good as its day-to-day interactions with other key personnel,
particularly keepers and curators," warn Maple and Archibald (1993, pp. 117-118; also
Moran & Sorensen, 1984-1985, p. 151; Hutchins, 1988, p. 16; Kleiman, 1996, p. 20).
Zoo directors want control over how results are interpreted, and are not comfortable
with the "high risk and low immediate relevance" often associated with conservation
research (Hutchins, 1988, p. 15, Kaufman & Zaremba, 1995, p. 135). Only nine percent
of zoos and aquariums provide financial incentives to employees who successfully
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publish or obtain research grants (Stoinski, Lukas, & Maple, 1998, p. 171). Researchers
can become "embroiled in zoo politics," or have their work sabotaged by keepers
(Crowcroft, 1978, p. 106). Other problems include human imprinting of animals, the
"domestication of captive stocks," administrative continuity, disease risks, and
information hoarding (Bendiner, 1981, p. 12; Snyder, 1995, p. 37; International Union
of Directors of Zoological Gardens, & International Union for Conservation of Nature
and Natural Resources, 1992, p. 73).

Old-Style Keepers
In the old-style zoo, the director, curator, and keeper held "a common philosophy,
and their primary concern was for the welfare of the living collection" (Fiore, Brunk, &
Meyer, 1992, para. 8). Husbandry skills were learned on the job, managers started as
keepers, the management structure was hierarchical, and the most- valued skill set was
animal management. Circuses are still run in this manner; ma ny animal keepers and
managers crossed between circuses and zoos during the first half of the 20th-century
(Benchley, 1940, p. 286).
The "old-style" keeper has been described both as a low-status, unskilled farm
laborer doing "manual work of a semi- skilled nature [in] unpleasant working
conditions," and as the "bedrock" of the zoo, "infinitely more important… than its
director" (Ledder, 1975, p. 344; Burghardt, 1975, p. 104; Baetans, 1993, p. 89; Curtis,
1968, p. 68; Batten, 1976, pp. 4-5; Bridges, 1971, p. 114). Daily chores consisted of
preparing meals, feeding, and cleaning (Mann, 1930, p. 283).
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Keepers needed "animal sense," defined as "a natural feeling for animals and
nature, which cannot be learnt from books," as well as "a genuine feeling for their
health and proper exhibition" (Hediger, 1969, pp. 6-7, 162-163; Bridges, 1971, p. 27;
Benchley, 1940, p. 5; U.S. Dept. of Health, Education, and Welfare, 1968, p. 9). Fellow
keepers and managers respected those who excelled in animal sense (Perry, 1969, pp.
28-29; Bridges, 1971, p. 53). The ideal old -style keeper had a basic understanding of
biology, animal hygiene, nutrition, animal behavior, disease, husbandry, drugs, and
animal first aid, could read and write, and was "temperamentally suited for working
with animals...alert, curious, and observant" (U.S. Dept. of Health, Education, and
Welfare, pp. 1, 3).
There were 10,000 keepers in the United States in 1968 (U. S. Dept. of Health,
Education, and Welfare, 1968, p. 2). The keeper-animal ratio was low and pay was
poor. "We cannot keep the better trained and more alert people unless they are
peculiarly devoted to the zoo" (Crowcroft, 1978, pp. 110-111). However, a talented
keeper could eventually rise to the director's position (Bridges, 1971, p. 116). Until the
1970s, most zookeepers were male (Rogers, 1992, pp. 4-5; Kawata, 2002b, para. 7).
The role of female keepers was limited to nursing orphans until the early 1970s (Hahn,
1967, p. 230; Rogers, 1992, pp. 4-5).
Few vocational courses existed for keepers (Perry, 1969, p. 21). Apprenticeship was
the only training available, "usually in an informal manner and without an effort to
teach broad, underlying principles" (U.S. Dept. of Health, Education, and Welfare,
1968, p. 2). Each institution had its own standards, e.g., Calgary Zoo required a fouryear apprenticeship, followed by three years as junior keepers in order to reach senior
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keeper rank (Karstan, 1973). At the Honolulu Zoo, on the other hand, keepers received
only 45 weeks of on-the-job training, followed by 6 months' probation (City and
County of Honolulu, 1969). In 1980, keepers still only needed a high school education,
and college graduates were discouraged from applying to keeper positions (U. S. Dept.
of Labor, 1980, p. 35).
Rogers (1992) relates that "old timers" often objected to "new roles and directions"
(p. 5). Hediger (1969) found them to be conservative, with "a marked tendency towards
the development of blind spots, through over-familiarity with the job" (p. 34). Kawata
(2002b) remembers old-style keepers as "middle-aged males with no college education,
some of them functional illiterates. Many were professional clock-watchers whose only
accomplishment was to pick up a paycheck" (para. 7).
Working conditions for keepers between 1950 and 1975 were sometimes
unimaginable. One curator required his staff to drink from filthy water bowls to learn
proper sanitary procedures, overtime was unpaid, and curators were known to
physically attack keepers (Murphy & Card, 1998, p. 86-87). The tenor of this period is
captured by Murphy & Card,
It was unusual for keepers to be given time on the job for independent research
projects and travel money for professional herpetological conferences or field
studies was rare indeed. In fact, should a keeper desire these "curatorial benefits,"
he was perceived as overly ambitious and a threat to the internal stability of the
department. The prevailing philosophy was that a keeper's only responsibility was
to clean cages forever and any deviation from this was unacceptable. Needless to
say, keepers had virtually no say in the composition of the collection. (p. 87)
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Transition from Old-style to New-style Keepers
During the late 1970s and throughout the 1980s, formal keeper training programs
and academic studies replaced informal apprenticeship. Few formal training programs
exist for zoo personnel outside of the zoo world (Kisling, 2001a, p. 176, Sherman,
1999, p. 12). The new management style favors "self-contained teams," with some
decisions devolved to the individual keeper level (Ettorre, 1995, p. 30). Mentoring
among keepers ceased as college-educated keepers became indifferent to old -timers'
tacit knowledge, leading to a sharp drop in the level of keepers' hands-on skills
throughout the U.S. (Kawata, 2002b, para. 6, 9, 17). As one old-timer put it, "We don't
'cowboy' anymore" (Kawata, 2002b, para. 20). The generational change that began in
the 1970s saw,
the citizenship of the traditionalist fraternity…dwindle to a peripheral subculture.
They found it difficult to communicate with colleagues using the same grammar
and terminology. At the same time the mental map of the zoo, once shared by the
mainstream in the field, was fading away rapidly. (Kawata, 2002b, para. 13)
Managers hired from outside the zoo context have little initial knowledge of tasks
performed by keepers (Fiore, Brunk, & Meyer, 1992, para. 8).

New-style Keepers
By the early 1970s, a university education was highly desirable for new keepers,
especially at large zoo (Bridges, 1971, p. 27). Academic keeper training programs
remain rare in the U.S. One enterprising keeper created his own Master's of Science in
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Zoo Studies by combining courses in museum studies, biology, and political science
(Wright as cited in Debbie, 2001). AZA and AAZK created a new one -week keepertraining program in 2004 to fill an obvious need for standardized training. The newstyle keeper is "much better educated and motivated, and possesses much more varied
skills in greater depth" (Austin, 1974, p. 110). They are also increasingly female between the late 1960s and the 1990s, keepers went from an all-male workforce to a
predominantly female one (Lowney, 2002, para. 10).
Without a college degree, advancement opportunities are now limited to Head
Keeper; with a degree, a keeper can aspire to become a curator or do "other more
advanced work" (U.S. Dept. of Labor, 1980, pp. 34-35). By 1999, a bachelor's degree in
animal husbandry, animal science, zoology, and/or conservation biology plus paid
animal experience were essential prerequisites for beginning keepers (Sherman, 1999,
p. 8; Boyd, 1996, p. 1). However, a talented keeper could still aspire to be one of "the
top three people" at the zoo, and "increasing numbers" were becoming directors,
curators and managers by the 1980s (Hoessle, as cited in Lowney, 2002, para. 11;
Rogers, 1992, p. 8).
Modern keepers still feed, monitor, and train animals and spend much of their time
cleaning exhibits. Skills include excellent communication, sharp observation, good
physical shape, and crisis management skills. In addition, they must have experience
with animals and preferably a bachelor's degree in biology or animal science. Jobs are
highly competitive, especially at large zoos and therefore education is a determining
factor. In 1998, American zoos and aquariums employed 2,780 animal caretakers (vs.
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10,000 in 1968) earning a median salary of $17,120. Most keepers earned between
$15,000 and $30,000 in 2000 (Crosby, 2001, pp. 3-5).
Keepers began participating in research projects at larger zoos during the 1970s,
and by the 1980s, their involvement had become critical (Hutchins, 1988, pp. 13-14;
Burghardt, 1975, pp. 107-108). Most zoos allow keepers to participate in research
(86%) (Stoinski, Lukas, & Maple, 1998, p. 170). The keeper's role in research ha s
expanded to creating protocols and "conduct[ing] particular experiments that bear on
practical matters" (Page, 1990, p. 154). Baetans (1993) notes that "the creative, and
probably the most attractive, part of the job consists in observing the animals' be haviour
and other important biological symptoms" (pp. 89-90). However, good workers are
hard to attract and retain, because of low pay and the need for "some measure of control
over their work environment, and...[to be] doing something personally satisfying and
worthwhile" (Hutchins & Smith, 2003, para. 9).
The American Association of Zoo Keepers (AAZK) was founded in 1967 to "take
the keeper from the ranks of common labourer to their justified position as a zoo
professional" (Rogers, 1992, p. vii; also Kis ling, 2001a, p. 173). Management feared
that its founding would lead to a national keepers union, despite bylaws limiting AAZK
to the "exchange [of] policies and practices in animal care," and indeed, by 1982,
keepers had unionized at many zoos (Rogers, 1992, pp. 2-3; Bieler, 1982, p. 184). The
AAZK encouraged keepers to publish from the start. In the late 1980s, the AAZK
created a research and grants committee and began a "rapport" with Zoo Biology. In
1990, keepers officially became involved in AZA's Species Survival Plan and
conservation programs (Rogers, 1992, pp. 1, 9-10).
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Not all changes have been positive. Keepers "often feel that they know what is best"
and can work against orders in subtle ways (Page, 1990, p. 83). Kawata (2002b) sees a
"culture of uniformity" taking over,
The scope of perception, as well as the range of interest, have become narrower and
shallower, a not- so-complimentary observation, considering the high level of formal
education amongst the younger generation. They do not seem eager to bridge the
gap between zoos and the academic world. (para. 35)
On the other hand, many aspects of keeper life have not changed. Modern zoo
employees often come from farm families (confirmed by several interviewees), and
many keepers bond with their animals (Page, 1990, p. 76; Crosby, 2001, p. 13). This
recent job description could have been written in the 19 th century,
Zoo Animal Caretakers are responsible for attending to the everyday needs of zoo
animals. They feed and clean the animals, clean their cages, and examine the
animals to make sure that they are healthy. Generally, the job is to make sure that
the animals are healthy and ready to be exhibited. (Sherman, 1999, p. 14)

Curators
In the 19th century, zoo managers were selected "for their distinction in some branch
of zoölogical science, and more especially vertebrate zoology" (Shufeldt, 1889, p. 785).
In 1904, the Royal Zoological Society hired only "fully qualified zoologists" as its
superintendents (Holloway, 1976, p. 18). By the late 1960s, zoological or veterinary
training followed by years of practical experience with animals were required, although
"by sheer aptitude or a kind of green-thumb touch with animals, [an uneducated person]
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may eventually become a curator" (Fisher, 1967, pp. 15, 17). However, curatorial
apprentices at the Bronx Zoo in the early 1970s merely needed "special aptitude" to be
hired (although a Bachelor of Science was helpful).
"Old-style" curators supervised personnel; placed orders; prepared animal inventory
records, maintenance reports, and work schedules; inspected facilities; implemented the
directions of the veterinarian; assisted with diets; and improved the care, breeding, and
display of the animal collection (Curtis, 1968, p. 68; Bridges, 1971, p. 57). At the same
time as keeper duties were changing, curators were being transformed from hands-on
managers into administrators. Today, curatorial, research, and conservation positions
typically require advanced academic degrees (Boyd, 1996, p. 1). AZA provides
specialized training for managers at its school, administered by North Carolina State
University, and has begun to create curator certification programs (Sherman, 1999, p.
19).
Modern curators have three areas of responsibility: administrative, operational, and
scientific (K. Kawata, personal communication, November 27, 2005). They manage the
animal collection, make acquisition and breeding decisions. Much of their time is spent
on administrative functions, such as establishing schedules and guidelines, record
keeping, exhibit design, and organizing conservation projects outside their institution.
Today's curators need expert knowledge of animals in the wild as well as in captivity
(Crosby, 2001, p. 7). Most zoos allow curators to perform research (86%) (Stoinski,
Lukas, & Maple, 1998, p. 170). However, their role in research can lead to "competitive
tension" between curators and researchers (Lindburg, 1993, p. 318).
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Nearly all curators begin their careers as keepers, and move up once they have
demonstrated animal expertise and leadership skills. In 1998, there were about 390
curators in North American zoos, most with a bachelor's degree, many with a master's,
usually in biology, animal science, or wildlife management. The median salary was
$28,080 in 1998 (Crosby, 2001, pp. 7-8).

Veterinarians
Veterinarians were among the first scientists to work in zoos, e.g., veterinarians at
the San Diego Zoo published a case study in the Journal of the American Medical
Association in the 1930s (Benchley, 1940, p. 232). They largely continue to define what
constitutes research in the zoo context.
One could argue that due to the limited data base of scientific knowledge that exists
for most endangered species, that almost every type of manipulation on these
animals is research. Whether working with endangered species in zoos, aquaria,
universities, formal research facilities, or the field, veterinarians are continually
breaking new ground. (Wolff, 1996, p. 125)
However, they have also steered zoo research away from "soft science" (e.g.,
ethology, psychology) and towards "hard science" (such as population and genetic
assessment) (Burghardt, 1996, p. 96).
In old-style zoos, the relationship between veterinarians and keepers was one of
mutual suspicion. "The average zookeeper considered the veterinarian an ignoramus
about wild animals. The veterinarian…regarded zoos as little more than cruel,
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unsanitary and unnecessary freak shows" (Livingston, 1974, p. 200). Benchley (1940)
reports that,
keepers felt that if they permitted [a doctor] to get his hands on their darlings, he
would kill them with his queer book- learning [while] an attitude of contempt for the
seeming illiteracy of some of our best men on the part of one veterinarian was
causing him to treat their suggestions and reports with open scorn. (p. 223)
Personalities play a key role in the veterinarian-keeper dynamic, as does the
veterinarian's status (i.e., part-time consultant in a small zoo or full-time staff member
at a larger one) (K. Kawata, personal communication, November 27, 2005).
The tensions between veterinarians and animal care staff, especially curators, have
continued with modern zoos (Fowler, 1999, p. 261). Veterinarians view curators as
biased towards exhibitry rather than animal health, with a "ritualistic" or "traditional"
approach to animal management. To the curator, veterinarians have a limited focus and
are unable to consider the social context of an animal, the "bigger picture." Animal care
staff feel they are treated "less than professional" by veterinarians, and feel patronized
by technical language (LaRue, 1992, pp. 163-164). Veterinarians remain in a position
of authority, perhaps because they play a key role in securing research funding
(Bekiares, 1997, p. 371; Burghardt, 1996, p. 97).
The zoo's loose administrative structure exacerbates some of these tensions. "The
areas of treatment, baby animals and nutrition are very gray. Somehow the veterinarian
doesn't fit naturally into the chain of command" (Steve Graham, as cited in LaRue,
1992, p. 165). In modern zoos, veterinarians are no longer the only staff with
doctorates, but this does not necessarily improve relations between veterinarians and
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other scientists. Burghardt (1996) notes that, "although some disagreements are
necessary and healthy, others ma y result from the different backgrounds and, hence,
different conceptions of what constitute a quality captive life" (p. 2).

Zoo Literature
The first American periodical to publish zoo research was Zoologica (1907-1973).
Produced by the New York Zoological Society (now the Wildlife Conservation
Society), it was mainly dedicated to research by its own staff, and emphasized natural
history rather than captive wildlife management (Kisling, 1993, p. 252-253). Four core
books on captive wildlife appeared between 1892 and 1955, while 12 more were
published between 1960 and 1980 (Kisling, 2001a, p. 175). Publication of zoo research
began in earnest in 1959 with the founding of the International Zoo Yearbook (IZY).
Articles on captive management were not deemed appropriate by most peer-reviewed
journals at that time (Kisling, 1993, p. 251, 253). The IZY's mission was to assist those
who without previous publishing experience, including authors from developing
countries and those whose native language was not English, as well as to provide an
authoritative international channel for zoo information. Composed at first of short notes
and short articles, it developed into "longer, peer-reviewed manuscripts that are more in
line with the style of scientific journals" (Olne y, 2003, p. 34, 39). Der Zoologische
Garten, founded in 1859 and offering mainly German and some English articles, is
considered by some to be "the most authoritative technical zoo journal of the world"
(K. Kawata, personal communication, November 27, 2005).
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During the 1960s and 1970s, formal zoo publications of all types increased
significantly (Kisling, 2001a, p. 173). The scientific journal Dodo, published by the
Jersey Wildlife Preservation Trust beginning in 1964, dealt with captive management
of animals at the Jersey Zoo. Zoological Park Fundamentals appeared in1968, the same
year as the proceedings of the first annual American Association of Zoological Parks
and Aquariums conference, and the proceedings of the first zoo vet conference. Journal
of Zoo Animal Medicine (later, Journal of Zoo and Wildlife Medicine) began
publication in 1970. The first conference proceedings on breeding endangered species
in captivity was published in 1975. Zoo Biology was founded in 1982 as "an elite outlet
for zoo research" (Maple & Archibald, 1993, p. 112; Kisling, 1993, p. 253). The current
top 10 journals, based on number of articles printed, are Journal of Zoo & Wildlife
Medicine, Zoo Biology, Biology of Reproduction, Journal of Reproduction and
Fertility, American Journal of Primatology, Theriogenology, Herpetological Review,
Animal Behavior, Conservation Biology, and Marine Mammal Science (Hutchins, Paul,
& Bowdoin, 1996, p. 26).
Grey literature publications include International Zoo News and the magazines of
several European zoos (Kisling, 2001a, p. 176), as well as journals, newsletters, and
conference proceedings from the three professional associations (American Association
of Zoological Parks and Aquariums (AAZPA, later AZA), American Association of
Zoo Veterinarians, and AAZK) (Kisling, 2001a, p. 175). AAZK's newsletter Animal
Keepers' Forum began publication in 1974 (Rogers, 1992, pp. 4, 82, 86, 90-91). The
zoo world relies heavily on grey literature; witness the "sizable number" of ephemera
amongst the San Diego Zoo's 865 periodical subscriptions (Coates, 2001, p. 103).
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Just over half of AZA member institutions publish their research results, and there
is a significant relationship between research activity and university/museum
affiliations (75% publication rate if affiliated, 41% if not) (Finlay & Maple, 1986, p.
264). The National Zoological Park (and its Conservation and Research Center) was the
most productive zoo in the early 1990s, averaging 66 publications per year, followed by
the San Diego Zoo, the Wild life Conservation Society (New York), and the Chicago
Zoological Society (Brookfield). In all, zoo and aquarium employees and their
university affiliates published in 218 different journals, 61 books, and 39 conference
proceedings between 1990 and 1994 (Hutchins, Paul, & Bowdoin, 1996, p. 27).
Despite the many publications available, research results from zoos are often not
published. International zoo and conservation organizations deplore the fact that often
"results of research in zoos remain in the form of internal reports and are not freely
accessible in publications" (International Union of Directors of Zoological Gardens, &
International Union for Conservation of Nature and Natural Resources, 1992, p. 72).
Decades earlier, Van den Bergh (1962) encouraged the publication of "private scientific
research undertaken at zoos" (p. 62). Hediger (1964) lamented that "the study of how to
keep wild animals in zoos...is a collection of more or less disconnected pieces of advice
and some facts" (p. 1). Three decades after Martin (1975) emphasized the importance
of consolidating research results into a common body of knowledge (p. 145), Hutchins
and Smith (2003) were still preaching for the need for "publications in books,
proceedings, and peer-reviewed journals and presentations at relevant conferences"
(para. 18). Part of the reason for the lack of literature is that "much zoo and aquarium
research, being applied, does not easily find publication in journals of taxonomic or
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disciplinary orientation" (Wemmer, Rodden, & Pickett, 1997, p. 4). Even an applied
journal such as Ecological Applications rejects articles where "someone focuses very
narrowly on a particular species and a particular river... [without] explaining why
anybody else in the world should think about it" (Taubes, 2001, para. 3).
Before the creation of Zoo Biology, publications by zoo personnel were widely
scattered throughout the literature (Benirschke, 1975, pp. 4-5). Its founder and first
editor Terry Maple wrote in the first issue, "Zoo scientists need a publication outlet that
conforms to the traditional rigors of scholarship and peer review [while offering] a
flexible format and broad participation" (as cited in Maple & Archibald, 1993, p. 112).
Despite this, only 14% of AZA institutions were represented in Zoo Biology during its
first 15 years. Four (Wildlife Conservation Society, Zoo Atlanta, San Diego Zoo, and
National Zoo) accounted for 58% of articles written by zoo personnel. The journal
shows a marked bias towards mammal papers. Only 7% of its articles covered reptiles,
for example, although reptiles account for 79% of the zoo endangered species breeding
programs. As a result, "other taxon-oriented journals [may have] been siphoning off
publications that rightly belong in Zoo Biology" (Wemmer, Rodden, & Pickett, 1997,
pp. 6, 7).

Tacit Knowledge in Zoos
Tacit knowledge has played a pivotal role in zoos. Until the 1960s, the accumulated
skill and knowledge of zookeeping could be passed on efficiently through word of
mouth (Kisling, 1993, pp. 173, 248). Crowcroft (1978) comments that each zoo "is a
legacy of ingrained practices and attitudes" (p. 9), while Crandall (1966) sees "an
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inbred profession, filled with 'secrets'" (p. 4). Curatorial apprentices at the Bronx Zoo in
the early 1970s were exho rted to,
forget your diploma. Learn from the people who have been doing it, not reading
about it. Get to know the people who are doing the jobs you will someday be
supervising. Get to know the job routines. After you learn the routines, then ask
yourself how you can use the knowledge you've acquired in college...Hobnob with
the keepers...They may not have your education, but they have animal experience.
(Bridges, 1971, pp. 21, 34)
It was said of one zoo director that "his talent...was all the more remarkable because
in those Dark Ages of zoo history he had much to learn for himself that was never
recorded in books or treatises" (Hahn, 1967, pp. 235-236).
The World Zoo Conservation Strategy includes it as an important resource. "It is the
task of each zoo…to make all of the written and unwritten information easily accessible
and usable for the entire global zoo network" (International Union of Directors of
Zoological Gardens, & International Union for Conservation of Nature and Natural
Resources, 1992, p. 68). Similarly, Mazur and Clark (2002) encourage zoos, "to fully
capitalize on all staff knowledge and skills" (p. 185). Belatedly, zoos' oral traditions are
only now being documented (Kawata, 2002b, para. 3). Kawata (2000) decries the
breakdown of oral trans mission in contemporary zoos.
There existed a body of knowledge, techniques, skills, thoughts and wisdom that
had accumulated over many years...A cross- generational transfer of this heritage
existed in those days [that] enabled [keepers] to develop a basis for critical thinking.
There was also a firm sense of camaraderie. Senior keepers passed on their
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knowledge through stories during coffee breaks; their anecdotal accounts were
often fascinating and insightful. (para. 3-5, 8-9)
Kleiman (1975) observes that, "zoo personnel tend to treasure knowledge gained
from their own experience while bypassing information arising from the experience of
others... [There is a] surprising disregard for the experience and knowledge of other
zoos and scientific researchers" (pp. 157-158). Lindburg (1993) has reservations about
zoos' tacit knowledge, "Day-to-day operational lore has a different history, one that has
resulted in some highly valued experiences, to be sure, but also in some curious notions
about animal biology" (p. 318).
Kaufman and Zaremba (1995) propose a new type of zoo professional, "scholarnaturalists," who are,
competent in theory but…nurtured by a rich verbal lore, encoding many personcenturies of patient observation and contact…the rich legacy of aquatic natural
history lore that can not be learned from books, and with which many of our
university-based colleagues have unfortunately lost touch (pp. 132-133).

Discussion
Kuhn's (1970), Toulmin's (1972), and Crane's (1972) work on the social context of
scie nce, as well as the literature on disciplines is essential to placing zoo-based research
in a larger context. The characteristics of established and emerging fields are valuable
in determining whether zoo-based research is an emerging field of scientific study.
Shapin's (1989, 1995) work provides an account of the evolution of scientific
disciplines over the past four centuries, and provides a base definition of what elements
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constitute a science, as distinct from other human activities. The distinction between
basic and applied science is a particularly sensitive issue in zoos, as elsewhere in
science, and deserves to be clarified.
The well-documented history of ecology as a discipline, and its relation to the
environmental movement in the United States during the 20th century provide a useful
backdrop to the conflicts and shifting priorities faced by most zoos today. Many of the
tensions between professional groups within zoos, and between zoos and outside
researchers, become understandable when placed in the wider social context. Equally
illustrative of the difficulties in defining and segregating scientific knowledge are the
continued existence of pseudo-sciences, whose battles to increase access to power and
resources at the expense of established disciplines are echoed in the zoo world.
The fact that researchers tend to collaborate within peer groups may explain the
relative lack of collaboration between zoo-based and university-based researchers, as
well as between different social groups within zoos (curators, researchers, veterinarians,
and keepers). The stigma attached to applied research in zoos led the researcher to
widen the scope of this project to encompass non peer-reviewed and "grey" literature as
a possible outlet for research not published by mainstream scientific journals. This
might include, for example, articles not co-authored by an academic researcher. A clear
understanding of the peer review process is important for distinguishing between peerreviewed and non peer-reviewed publications, and the types of articles that appear in
them.
Authors of recent literature have investigated the idea of sub-authorship (sub authors are participants in the production of the article who have not been named as
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authors). Cronin, in particular, has shown that acknowledgements of contributions by
non-authors have been increasing steadily over the past several decades. This study
hopes to determine whether this trend is present in the field of zoo and aquarium
research, and, if so, whether it can be used to document the transmission of zoo-based
knowledge into the scholarly literature (through acknowledgement of zoo personnel in
articles by outside researchers, or vice versa).
Journal articles are the basic publication unit for all scientists, and have been well
studied by several generations of social scientists. Of particular interest are studies on
the publication barriers faced by scientists working on the periphery of mainstream
science, whether in non English-speaking or Third-World countries, in applied fields,
or in the pseudo-sciences. One would expect to find similar difficulties in the field of
zoo research.
The peer-review system has some strong critics, but remains the only option for
academic researchers. The lack of a clear definition of a peer-reviewed journal, and a
non peer-reviewed journal, is a barrier to completing this research project successfully.
Zoo research falls into both scholarly and grey literature, and, like physical therapy and
other applied sciences, has not been researched as thoroughly as established scholarly
disciplines. The shallow and recent nature of zoo research literature indicates that it is
not yet fully developed as a field.
If zoo-based research is a fully formed subfield of zoology, it should harbor its own
invisible college of researchers. The links between them should be manifested through
citations and acknowledgements in important papers. Cronin's and Shapin's work would
suggest that zoo support personnel (keepers and laboratory technicians) are more likely
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to be acknowledgees rather than co-authors because they do not bring in research funds
and have a lower social status than researchers. In addition, both Ortega's hypothesis
and Cole and Cole's counter-hypothesis about the nature of scientific work will be
explored in the context of zoo research (i.e., either progress is incremental and
interconnected, or all important discoveries are made by a small group of researchers).
The pros and cons of bibliometric analysis are presented, particularly criticisms
leveled at ISI's indexes. The methodology of this project compensated as much as
possible for these lacunae and biases by supplementing ISI data with other sources,
especially interviews, and through manual proofing of author data to ensure
standardization. The research project hypothesized that tacit knowledge, applied
research, and subauthorship are linked in the zoo world, i.e., zoo staff possess the tacit
knowledge required to conduct certain types of applied research in zoos. Based on the
literature, it is likely that animal-care staff are more likely to possess tacit knowledge
than explicit knowledge, and thus more likely to be acknowledged than to be given coauthorship.
Zoos have a colorful and complex past. Different zoos are at different points in their
"evolutionary" process. The review of the literature raises some doubts as to whether all
zoos are heading in the same direction, or, indeed, whether large and small institutions
should even be classed together as similar institutions. The conclusion is that citations
and acknowledgements remain the most objective unit of comparison in such a loosely
defined and ambiguous research setting. In addition, the history of the
professionalization of zoo personnel and mission changes at many zoos provides an
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important context in which to analyze citation and acknowledgement data, and to
interview zoo personnel.
There is an abundant but conflicting literature on research in zoos. Differences
between eras emerge, but so do the many strong personalities of the authors. What
emerges is a picture of zoo research as a chaotic, non-standardized activity without
clearly defined goals, chronically under-funded, under-staffed, and at the bottom of
most zoos' priority lists. The project was therefore planned around citation and
acknowledgements analysis as an objective measure of actual accomplishments, and on
interviews to create a more coherent picture of this research community than emerges
from the literature.
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Chapter 3
Methodology

Hypothesis
The hypothesis was that keepers' tacit knowledge about captive exotic wildlife in
American zoos, traditionally transmitted orally, is increasingly being captured in peerreviewed literature as zoos hire more staff with advanced degrees. If proven true, this
would indicate that U.S. zoos and their knowledge base are gradually moving into
mainstream scholarly communication. Two specific research questions were, "What
effect has the recent professionalization of American zoo staff had on publication
practices within zoos," and "What are the current characteristics of the subfield of zoo
biology, and how do these compare to those of other emerging disciplines"?

Research Methods
The study used three main sources of zoo-based publications: peer-reviewed articles
indexed in ISI's Web of Science, AZA's annual compilation of publications by its
member institutions, and the table of contents for AZA's annual conferences from 1973
to 2001. The first represented mainstream scientific literature that could be measured
according to established bibliometric standards. The second and third represented non
peer-reviewed grey literature and were used to compensate for omissions and
weaknesses in ISI's indexing practices by providing a truly comprehensive list of zoobased authors that included keepers and non-research staff who had appeared in
publication elsewhere.
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Web of Science
As stated in Chapter 2, ISI's Web of Science is the premier index of peer-reviewed
journals in the world. It offered an excellent export interface, and provided fields not
available in other indexing services, such as author affiliation and the number of
citations for each article. Especially useful was its indexing of all authors, not just the
main author. Its high number of indexed fields facilitated automation for much of the
research process. Its categorization by article type ("editorial," "book review," "meeting
abstract," and "article") proved useful for eliminating publications that were unlikely to
include an acknowledgement statement (Cronin, 1995, p. 41). Another advantage to
Web of Science was that ISI's ranking of scientific journals could be used to place zoobased research in its larger social context. ISI's journal ranking system provided an
indication of a journal's perceived value within the scientific community, and, by
inference, of authors published in it.
Some unforeseen problems with Web of Science arose. First, despite the database's
claim of covering the period 1945 to present, virtually all zoo-related citations dated
from 1973 or later (a quick search for "zoo*" in the author affiliation field showed a
jump from 12 articles in 1972 to over 500 (the maximum retrieval limit) in 1973). The
most likely reason for this was that ISI did not index zoology journals until 1973. Print
bibliographies of zoo-based research were too sporadic and limited to individual
institutions to extend this study further back in time. ISI's database, however imperfect,
was the earliest possible starting point for a large-scale study of zoological literature.
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Second, it was not possible to determine how Web of Science chose which titles to
index (see Chapter 2, section on Web of Science). All that is known is that only a small
percentage of journals are represented. Thus, relying exclusively on Web of Science
would have excluded a large percentage of peer-reviewed and non peer-reviewed
periodicals related to zoo research. It was for this reason that AZA print sources of grey
literature were used to complement the ISI journal citations.
Third, a journal- based study would have required a core set of journals that were
published and fully indexed throughout the period under study for comparison
purposes. ISI's Master Journal List (http://www.isinet.com/isi/journals/index.html),
does not list add and drop dates, and it re-evaluates its listings continuously (changes
are posted weekly). Even had exact inclusion dates for every journal been available,
analysis by journal would have been daunting because zoo research is scattered
throughout 430 journals. As a result, the initial intent to construct a study based on core
titles in the zoo field was abandoned in favor of an institutional- and author-based
approach.

Creation of Data Set
The bulk of the searches were conducted at the University of Chicago in July 2002
using Web of Science, version 4.3.2 (released in March 2002 and updated weekly). The
Web of Science consists of Science Citation Index Expanded (1945-present), Social
Science Index Expanded (1956-present), and Arts & Humanities Citation Index (1975present). ISI claims to index 8,600 journals from cover to cover, with a total coverage
of over 16,000 international journals, books, and proceedings from over 230
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disciplines 12 . Science Citation Index indexes approximately 5,900 journals in 150
disciplines (see Table 1).
Table 1. Science Citation Index Coverage

All three sub-databases of Web of Science (arts/humanities, sciences, and social
sciences) were searched simultaneously by the names of all current AZA member
institutions. Zoos with no articles indexed in Web of Science were removed from the
study, even though they may have published peer-reviewed articles, as were those
whose first ISI record appeared after 1999, as the study required at least three years'
citing data for each article. The institutional population totaled 80, out of a possible 185
AZA members (in 2001). Attempts were made to eliminate aquarium staff from the
study, because the researcher assumed that research on invertebrates was conducted
differently from that on larger animals (based on Kaufman & Zaremba, 1995; Kawata,
2002a, para. 3). However, this proved to be impossible, as many zoos now offer aquatic
exhibits, and their personnel transfer to aquariums and co-author papers with aquarium
personnel.

12

See http://www.isi.com for complete information.
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Zoological institutions operated by the same organization were amalgamated, e.g.,
the St. Catherines Island research facility was considered to be part of Bronx
Zoo/Wildlife Conservation Society (henceforth referred to as Bronx/WCS), the Front
Royal breeding center was consolidated under National Zoo, and Wild Animal Park
under San Diego Zoo. Similarly, zoological societies were not distinguished from the
zoos they operate, e.g., affiliations to the Chicago Zoological Society were listed under
Brookfield Zoo. While this simplified the analysis considerably, it also removed
important distinctions between the research and animal care departments of several
large zoos. Disney's Animal Kingdom (opened in the late 1990s) was ignored in
institutional analyses, but was included in author analyses as an institutional affiliation.
Out of a possible 205 AZA member institutions, 98 zoos and aquariums were
represented in ISI's Author Affiliation Field 13 . Searching by "zoo or zool pk or
aquarium" in the Author Affiliation field produced 5,028 hits between 1960 and June
10, 2002. The total for AZA member institutions searched separately only totaled
4,701. The 327 missing citations were assumed to be the result of publications by nonAZA member zoos (i.e. international zoos outside Bermuda and Canada). Only 73 zooaffiliated citations appeared between 1966 (the first year a citation with "zoo" in the
author affiliation appears) to 1972. ISI's comprehensive coverage of zoological
literature began in 1973 with 35 references, rising to 258 by 2001.
The 500-record search limit in the Web version of Web of Science caused
difficulties in retrieving citations for highly productive zoos. In an attempt to
circumvent this limitation, searches were conducted in the online version of Science

13

For the complete list of zoos included in the study, see Appendix B.
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Citation Index (begun in 1974 and available via the commercial provider Dialog).
However, only approximately half the references (2,264) were retrieved compared to
the Web version (4,316). This discrepancy appears to be due to behind -the-scenes
differences, such as limitations created by Dialog's uniform search interface across over
500 databases.
The solution was to search by institution in the author affiliation field of Web of
Science, which avoided the 500-record limit for all but the four most prolific zoos
(Bronx, San Diego, National a nd Brookfield). In these cases, searches were limited by
year to bypass the retrieval constraint. Of the 185 zoos, results were retrieved for 81. A
total of 2,339 articles were retrieved. These were saved in reference software format,
and loaded into Pro-Cite.
Two other products were examined as possible citation sources: Biological
Abstracts (known as BIOSIS in its online version), and NISC's Wildlife and Ecology
Studies Worldwide (referred to henceforth as NISC)14 . BIOSIS was rejected for several
reasons: only 1,552 records were found because author affiliation was only listed for
the primary author (compared to 4,316 in Web of Science); it was restricted to the
biological sciences, so publications in other disciplines (education, visitor studies)
would have been missed; it did not provide the number of citations received by each
article; and it indexed grey literature (especially proceedings) in addition to peerreviewed literature, which would have required separating the two types manually for
analysis purposes. In addition, the broader indexing coverage of BIOSIS would have

14

Zoological Record, Biological Abstracts, and Web of Science are all published by
Thomson Scientific. ZR is available electronically from 1978, while BA is available
from 1969. Both are included in Web of Science.
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produced a much larger database and made the analysis less focused, more timeconsuming, and complex.
NISC retrieved 2,030 citations between 1973 and 2001, more than BIOSIS.
However, it lacked author affiliation data until the mid-1990s, after which only primary
author affiliation was available. It did not index document type, which would have
made it arduous to remove grey literature, such as conference papers. Its subject
coverage only included biology, and it did not provide citing data. Later in the study,
NISC proved invaluable as a source for participants' first names to resolve homonym
conflicts, as well as for author affiliation data to clarify multi-author affiliations listed
in ISI.
AZA began publishing an annual list of its member institutions' publications
(including conference papers) in 1990. A list of individuals (zoo staff and outside
researchers) affiliated with the 81 zoos in the study was extracted manually. The list
was combined with the ISI and Web of Science authors to create a master list with each
individual's participation categories (published author, conference presenter, and/or
acknowledgee).
Grey literature citations were added from print sources. These usually consisted of
conference papers and book chapters, which are not systematically indexed in
databases. Publications that do not normally include an acknowledgements section,
such as encyclopedia articles, book reviews, forewords and fact sheets, were excluded.
However, the majority of articles written by keepers were located through grey
literature sources.
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In order to create a reasonably sized sample of zoo literature, a productivity scale
was developed whereby the number of ISI citations for each zoo was divided by its
total years of coverage in ISI (the period from the date of the first citation to 2001). The
article productivity scale allowed zoos established later than 1973 to be compared on an
equal basis to those established earlier than 1973 (the zoos in the study were founded as
early as 1869 and as late as 1993). The scale also leveled the playing field between
large and small zoos. See Appendix C for article productivity by institution.
Three groups of zoos emerged from the ranking by article productivity: lowproductivity (less than one ISI- indexed article per year), medium-productivity (one to
six ISI- indexed articles per year), and high-productivity (over 20 ISI-indexed articles
per year). (No zoos produced between seven and 19 articles per year.) Three institutions
averaged over 20 articles per year (3,209 articles), 31 fell into the middle category
(1,313 articles), and 47 fell into the low-productivity category (243 articles). To
maintain approximately equal sample sizes of 300 articles for eac h group, 10 percent of
articles were randomly selected from the first group, 25 percent from the second, and
100 percent of articles from the third, for a total of 899 articles.
False hits, such as those from national zoos outside the U.S., were removed.
Conference papers (i.e., records containing the terms "proceedings," "conference,"
"workshop," "meeting," "symposium," or "report," or that otherwise indicated a onetime event), editorials, meeting abstracts, reviews, and letters to the editor were also
removed. Seven duplicate records were located using Pro-Cite's duplicate detection
feature. Typing errors, articles out of the subject scope of the study, variants of names
due to hyphenation, etc., were uncovered and removed manually.
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As there were indications in the literature that research in aquariums is not
conducted in the same way as in zoos, any articles about aquariums or marine science
that did not deal with mammals, birds, reptiles, or herpetofauna were removed, as were
all duplicates (Kaufman & Zaremba, 1995; Kawata, 2002a, para. 3). Finally, all
document types except "Article" and "Note" were eliminated. The resulting database
contained 714 records.
Photocopies of these 714 sample articles were obtained from local universities, or
via inter-library loan. Acknowledgements statements were typed into the Notes field of
the Pro-Cite record for the article. "No Acknowledgements" was entered when none
was found. Persons named in the acknowledgements of the sample articles were
processed to fit the format "LastName, FirstName," and exported into Excel. Qualifiers
(institutional affiliation, taxon, profession) were added where available, especially to
distinguish between identical entries.
Tables of contents from AZA conferences for the period 1973-2001 were scanned,
presenters' names were standardized (LastName, FirstName), and the list imported into
Excel. To this were added authors of grey literature (i.e., conference proceedings,
keeper publications, and studbooks) from the AZA publication lists (1990-2001), with
qualifiers as required.
Three sets of participants resulted from these manipulations: ISI authors, conference
presenters and grey literature authors, and acknowledgees. The largest list contained
every unique author in the full ISI set (5546). The second contained all persons named
in the acknowledgements sections of the sample articles (389). To this, the researcher
added authors of grey literature (473). The participant list was an amalgamation of
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these three lists, enriched with authors from two Internet sources. The Internet sources
were San Diego Zoo library's bibliography of studbooks 15 to locate studbook authors
missing from AZA's annual compilations, and the Journal of Zoo and Wildlife
Medicine from 1998 to 2001 16 to fill in gaps in ISI's coverage of zoo veterinary
medicine. The journal's Web site also provided institutional affiliation and degree(s) for
2000 and 2001 articles. This last step added dozens of authors (especially outside coauthors), either due to ISI's incomplete journal coverage or incomplete author affiliation
data.
Because addresses in ISI's author affiliation field lacked an end character, they were
manually numbered and placed on separate lines in Pro-Cite. "USA" was also removed,
resulting in entries like these:
Univ Autonoma Queretaro, Escuela Biol, Cerro Campanas S-N,CP 76017,
Queretaro, Qro, Mexico
Arizona State Univ, Dept Plant Sci, Tempe, AZ 85287
Arizona Sonora Desert Museum, Tucson, AZ 85743
Where two or more authors were affiliated with the same institution (or one author
had a duplicate listing), the institution was only listed once.
When importing data from Web of Science into Pro-Cite, multiple authors were
separated by two slashes "//" in the author field. The most tedious aspects of this study
were caused by the lack of a repeatable author field, namely counting the number of
authors per article manually, and cutting and pasting authors into separate Excel cells.
A computer program written expressly for such purposes would have saved hundreds of
hours of clerical work.

15
16

http://library.sandiegozoo.org/studbook.htm
http://apt.allenpress.com/aptonline/?request=get-author-index&issn=1042-7260
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Paradoxically, the flexibility of full-text searching of the author affiliation field
made it more difficult to retrieve records affiliated with institutions. Spelling
inconsistencies and name changes (e.g., "Washington Park Zoo" became "Oregon Zoo,"
"Atlanta Zoo" changed to "Zoo Atlanta") meant increasingly complex retrieval queries,
as the researcher became aware of variants. Several individuals held both a zoo and a
non-zoo affiliation, and one zoo had physically incorporated a local university
department into its facility. Both types of dual affiliation were counted as collaborative
efforts with outside institutions. Two or more affiliations to the same institution within
a single paper were collapsed to a single affiliation. However, university departments,
institutes, and entities were treated as separate institutions.
The participant list was enriched with the following qualifiers when found:
professional status (zookeeper, curator, zoo-based researcher, veterinarian, or outside
researcher), gender, educational level, institutional affiliation(s), date of first
participation in zoo research (first ISI- indexed publication, first conference
presentation, or first acknowledgement), last participation date, and duration of
participation.

Proce dures
It was essential that the dataset be large enough to counteract the inevitable
decrease in size of the dataset due to false hits, undetected duplicates, and minor
adjustments to the research methodology. Sample populations with 300 or more records
are statistically valid, regardless of population size, and thus 900 sample records was
the ideal minimum threshold (300 from each of the three categories of zoos) (Krejcie &
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Morgan, 1970, p. 607; Clark, 1984, p. 419). Using Dougherty and Heinritz's equation
n= [z2 p (1-p)/t 2 ] (slightly modified), where n is the sample size, z2 (z-score squared) is
the confidence level, t 2 is the tolerance (expressed as a decimal) and p is the estimated
percentage occurrence of the attribute, the number of articles required for this study
would be 719, i.e., 338 from high-productivity zoos, 307 from medium-productivity
zoos, and 74 from low-productivity zoos (as cited in Clark, 1984, p. 410). However,
larger sample sizes than those provided by traditional methods are preferable in social
science research. Clark (1984) suggests between 300 and 500 items (p. 419).
Galtung's Cell-Size Method is particularly suited to the social sciences, because it
"guarantees that sufficient data will be collected to study the problem posed and guards
against inadequate data if the population parameters are misjudged" (Clark, 1984, p.
423). This method requires the researcher to visualize the most complex matrix
required to answer the research questions being posed, and attempts to obtain at least
10, and preferably 20, items for each cell of the matrix. This makes it more likely that
all of the analyses done during the project will be statistically valid. For this project, the
most complex matrix compared an author's professional status (keeper, curator,
research, veterinarian, or outside researcher); affiliation (low, medium, or high
productivity institution); and individual productivity (low, medium, or high). Using
Galtung's method, the categories for each of the three variables were multiplied
together (5 x 3 x 3), resulting in a matrix with 45 cells. The number of cells was then
multiplied by 10 for the minimum number of articles required for a statistically valid
study (45 x 10 = 450), and by 20 for the preferred number of articles (45 x 20 = 900).
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Thus, each category of variables should have contained between 150 and 300 articles,
for a range of 450 to 900 articles.
In the end, a compromise between these three methods was found. The final sample
size of 709 was below the preferred level of 900 for Galtung's method, but well above
the minimum of 450. Besides, this method was designed to accommodate fluctuations
in data, and the initial sample size of 899, in fact, did meet the minimum threshold
(900). The sample size was similar to the threshold established using Dougherty and
Heinitz' equation (721), but far below the sample size dictated by the traditional model
(900). In particular, the small number of articles affiliated with low-productivity zoos
(210) was well below the 300 needed in order to be statistically valid.
The following fields from Web of Science formed the basis for this study: author,
title, journal, author affiliation, and number of citations. Added to this were the
following data for each of 6,159 participants: the number of grey literature publications
in both AZA sources, the number of ISI publications (full database), the number of
acknowledgements (sample database), the year they joined the zoo research community
(earliest participation date), the last year they were active, the total number of years
they were active, and their score, calculated as total acts of participation divided by
total years of activity. An attempt was made to determine each participant's gender, and
general institutional affiliation (zoo or non- zoo). Additional qualifiers, such as
educational level, institutional affiliation, profession, and species worked with, were
added when necessary to distinguish entries and aid in Internet searches (see Table 2).

102

Table 2. Example of Participant Data

For zoo-based participants, additional data on exact institutional affiliation, and
profession were gathered where available. Because so many zoo personnel moved
between zoos, and into and out of the zoo community, it was decided that anyone who
was employed by a zoo at any time during their career, regardless of the length of time
of their employment, would be treated as a zoo participant. Graduate students who were
listed under their university affiliation were not considered zoo employees. This drastic
over-simplification of affiliation data was necessary due to the high mobility of zoo
personnel, the lack of affiliation data for acknowledgees and conference participants (as
well as the difficulty in associating ISI affiliation data with the right authors), and a
reliance on Internet sources for data not available elsewhere (little information prior to
the mid-1990s was available). The definition of "zoo-based researcher" was broad and
included field researchers supported by North American zoos, local staff, students, and
interns working with them internationally, as well as zoo volunteers (see Table 3).
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Table 3. Example of Zoo Participant Data
Male/
Female Profession

F
M
F

Participant

Zoo

Researcher Altmann, Jeanne Dr. Brookfield
Vet
Alvarado, Thomas P Dallas
Keeper
Alvarez, Susana
Dallas

Acknow- Peerledgereview Grey
Final Start
ments
lit
lit Total Year Year

3
2
-

31
8
-

3
10
1

37 2001 1986
20 2001 1985
1 2001 2001

Citedness
Two approaches to citing data were used, by author, and by article. A subset of 99
highly cited articles was created, defined as articles with 50 or more citations. A second
subset was created using the highly cited authors from these 99 articles. Because ISI
only reports cumulative citations, and citations by year could not be extracted, the
projected analysis of citing data by threshold (i.e., groups of low cited, medium cited,
and highly cited articles) for the two years following publication had to be abandoned.
In lieu of this, 454 articles published in 1999 and 2000 were analyzed to determine the
applicability of this method in future studies.

Journal ranking
ISI's Journal Ranking Reports were used to compare rankings between journals that
publish zoo-based research frequently. The use of this tool was limited by the fact that
journal rankings were only available for the years 2001 through 2003 in Web of
Science. Nonetheless, this data helped place them in the larger scientific context.

Leadership
Leadership was measured by comparing an institution's article productivity over a
five-year period, 1997-2001, with the 1999 budget figures, the latest figures available in
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the 2001 annual association membership list. The figures from 1999 were taken as
representative of the two preceding and two following years. The 1999 budget was
divided by one million to produce a number below 100. Then the number of articles
produced during this five- year period was divided by the new budget figure. The topranking zoos were considered the current leaders in zoo research.

Other Analyses
The effects of author affiliation were determined by whether the first author’s
affiliation for highly cited publications was zoo-based or not, and by whether the work
was multi-authored or single-authored. Changes in the average number of authors over
this period were charted in five-year increments. Key individuals in the zoo research
community were identified in several ways: those who published the most, those who
participated the most in research, those who partic ipated over the longest period, those
who participated in two or more different categories of participation, and those who
assisted others the most (most acknowledged). The ratio of women to men was
established, as well as the ratio of keepers to curators to researchers to veterinarians,
and the ratio of zoo personnel to non- zoo researchers. Due to lack of time, journalspecific patterns of authorship/co-authorship were not analyzed. No patterns of
publication for zoos of different sizes and ages were uncovered, and, due to lack of
time, zoos were not analyzed by geographic location.
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Interviews
During the project, 29 interviews were conducted with zoo personnel (authors and
acknowledgees), researchers not affiliated with a zoo, and journal editors. Every
attempt was made to include individuals who represent a cross-section of experience,
age, sex, educational background, and career paths. The interviewees were participants
at the 2003 AZA and AAZK annual conferences or were recommended by colleagues.
Standard open-ended questions were used throughout all the interviews, but the
interviews were also sufficiently flexible to allow for contextual information about zoos
to be conveyed. Anonymity when using interviews and personal communications was
assured.
Authors were asked about the publishing process associated with zoos. Questions
included: roles or tasks performed by authors and assistants, how advice or assistance
from non-authors was acknowledged, and preference for single versus multiple
authorship. Outside researchers were asked what attracted them to co-author with a
zoo-based researcher; whether their experience was positive, negative, or neutral; what
effect, if any, their zoo-based work had on their career; and whether they would
consider authoring, co-authoring or assisting with such research in the future.
Acknowledgees were asked to describe the nature and extent of their contribution, their
relationship to the author(s), whether they were remunerated, their level of satisfaction,
and their attitude towards future participation in scholarly publishing. Editors were
asked to describe the publishing process from their perspective, especially how articles
were selected and reviewed. See Appendix D for a complete list of interview questions.
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Interviews were conducted mostly by telephone, although some were face-to-face,
and a few were done by e-mail. Although the interviews were structured, interviewees
were allowed to direct the flow of the conversation to a considerable extent. This loose
format led to some fascinating data, but presented problems for standardization of
responses. Interviews were taped, and then transcribed. A number was assigned
consecutively to each individual within each profession. In all, 12 keepers, 7 curators, 2
veterinarians, 3 directors, 9 researchers, 3 editors, 2 outside researchers, 2 professors, 1
AZA representative, and 1 AAZK representative were interviewed. These do not add
up to 29 interviews because some individuals changed professions during their career,
and several fulfilled as many as three or four different roles. To the interview data were
added data from the 2003 AZA and AAZK conferences (author's notes and tape
recordings, presenters' handouts, and official documentation), a published conversation
with the former registrar of the San Diego Zoo, Marvin Jones (Jones, 2003), the
autobiography of an outside veterinarian, Murray Fowler (1999), and personal
communications with Ken Kawata, a recently-retired curator from Staten Island Zoo.
Next, each interview was then parsed manually to extract phrases that supported,
contradicted, or nuanced a finding in the bibliometric analysis. Those phrases retained
for analysis were then assembled by theme, and presented in the final section of
Chapter 4.

Projected Outcomes
A small core of highly productive authors was expected to emerge as an embryonic,
invisible college for zoo-based research. It was anticipated that zoo research would be
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shown to be an emerging discipline within zoology, and to have most of the key
elements in place. No consensus on a disciplinary paradigm was expected to be found,
but rather several competing schools of thought. As a result, publications were
predicted to be scattered over a wide range of journals and disciplines. The vast
majority of zoo liter ature was suspected to be concentrated in low-ranking applied
journals. However, a few areas were projected as having successfully seeded new
approaches into mainstream science via peer-reviewed journals.
The percentage of zoo-based research that was published in peer-reviewed journals
was forecast to have increased, albeit slowly, over the past few decades. Keeper
publications were presumed to be concentrated in non peer-reviewed journals and
magazines, while curators, veterinarians, and researchers were seen as more likely to
have published in peer-reviewed journals. It was speculated that interprofessional
authorships within zoos were rare, but that there would be some co-authorship between
professionals at different institutions. Co-authorship with outside researchers was
thought to be rare and of short duration. Other predictions stated that there would be no
difference between the sexes in terms of quality or quantity of publications, and that
professional status would be a predictive measure for the frequency of publication, the
types of journals in which work was published, the rate of acceptance, and number of
times a paper was cited.
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Reliability and Validity
Clear differences between high-productivity and medium-productivity zoos were
observed. Howe ver, the small population of low-productivity zoo articles meant that no
statistically relevant comparisons by institution type could be presented.

Summary
The main source of data for analysis of zoo research was the bibliographic citation,
taken from the premier citation database, Web of Science. Other databases were
eliminated as possible sources due to serious drawbacks in their usefulness (especially
lack of author affiliation data). The number of bibliographic citations to be analyzed
met minimum requirements for statistically valid analysis (899). In an effort to provide
a more holistic view of the zoo research field, grey literature authors and acknowledged
individuals were added to the participant list. Both author and institutional affiliation
were retained as base units for analysis of citedness and leadership, while journal
ranking was used as a measure of the significance of zoo research within the scholarly
publishing community. Due to criticisms of the limitations of bibliometrics for
representing complex sociological realities, 29 interviews with representatives from all
zoo professions, plus outside researchers and professors, were conducted to provide indepth contextual information.
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Chapter 4
Results

Introduction
Results are presented in two sections, "Bibliometric analysis," and "Interviews."
The first section provides a statistical analysis of the body of zoo research literature
through such characteristics as gender, profession, institutional affiliation, and zoo or
non-zoo personnel. The second section presents findings from interviews with 29
individuals that either supported or nuanced results from the bibliometric analysis.

Bibliometric Analysis
Problems and Adjustments
The main difference between this study and other bibliometric studies conducted
using ISI indexes was the fluidity of zoo personnel. Tenured university professors
remain at the same institution for decades engaged in the same type of work, whereas
zoo staff move frequently between zoos, and occasionally out of zoos altogether.
Another difference is that, while university professors generally collaborate with
academic colleagues, zoo personnel collaborate with a wide variety of individuals and
institutions, including conservation organizations, federal, state, and local government
agencies, university departments, hobbyist organizations, zoos outside the U.S.,
veterinary practitioners, independent research institutes, hospitals, museums,
consultants, and individuals from a broad range of backgrounds with a particular
interest in zoos. In the relatively static world of academe, where virtually all authors
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have Ph.D.s, authors are easily traced through publications, teaching appointments,
Web sites, and grant announcements. They tend to stay within a well-defined subject
area, and usually do not abandon research altogether if they are promoted to an
administrative position. The reverse for all of these characteristics often holds true in
the zoo world. Finally, universities rarely change names or addresses, while zoos not
only change names, they use multiple institutional identifiers (e.g., Bronx Zoo and
Wildlife Conservation Society) and physical addresses (e.g., National Zoo in
Washington, D.C., and its Front Royal, Virginia research facility).
It helped to know the major players in the zoo community before undertaking this
study. Unlike bibliometric studies based entirely on citation data, author affiliations
were not available for the majority of conference presentations. Even with author
affiliation data from Web of Science, it was often difficult to associate affiliations with
multiple authors. Although Web of Science identified the principal author (at least for
more recent publications), the lack of standardization in listing main authors between
disciplines was a majo r problem. For example, the first author was not always the main
author. In these cases, the address listed for the principal author did not correspond to
the first author listed, causing confusion when assigning the addresses in the general
author affiliation field. While some journals code authors to their affiliations (e.g., by
means of letters or numbers after each author's name that correspond to specific
addresses), ISI did not transcribe these into its indexes. The researcher cross-verified
other sources (including the Internet), but inevitably had to make educated guesses for
some names. This was a time-consuming and frustrating process.
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Determining the professional status of every author and acknowledgee proved to be
an impossible task, even after consulting multiple paper and online sources. Blanket
decisions had to be made for individuals about whom nothing was known, i.e., who
were not listed as authors in Web of Science or the NISC, and whose affiliation was not
provided by grey literature publications or in acknowledgements statements. Those
with at least two research acts17 were assumed to be zoo-based. Those who presented at
an AZA conference were assumed to be zoo-based. Those who were acknowledged
once were assumed to be outsiders, except when the context strongly suggested a zoo
affiliation (i.e., fellow acknowledgees from the same paper were zoo-affiliated, or the
work attributed to them took place principally in a zoo setting). A number of authors
listed two affiliations in ISI, usually a university and a zoo affiliation. For those who
moved between zoos and outside organizations, the zoo affiliation was considered their
main affiliation. Non-accredited zoos and wildlife centers that showed up in the listing
were not counted as zoo affiliatio ns.
The study was based on a group of authors who are directly or indirectly related to
zoo research. In an extreme example, only one out of 50 authors of an article had a zoo
affiliation. In addition, some zoo authors were co-affiliated with an academic
institution. For the purposes of this study, such an example was considered zoo
research. In addition, some zoo-affiliated researchers work in the field (and sometimes

17

A "research act" refers to: a) authoring or co-authoring a peer-reviewed journal
article indexed by ISI; b) presenting or co-presenting at a conference; c) authoring
or co-authoring a stud book or an article in Animal Keepers' Forum (or other keeper
publications); or d) being acknowledged. To simplify calculations, single
authorships and co-authorships both received one count.
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also hold academic appointments), and therefore have little contact with the zoo setting.
These situations raise questions about what constitutes "zoo-based" research.
The standardization of names was a major concern in this study. ISI provided only
one or two initials for each individual, while conference proceedings and
acknowledgement listings provided anything from last name and first initial to informal
appellations (Bob, Chuck, Beth), to first name, to the individual's full last and first
names plus title (Dr., Prof.), education (DVM, Ph.D., M.S.), and qualifiers (e.g., Jr.,
III). Titles, education, and qualifiers were useful when searching the Internet
(especially for common names such as Brown, Jones, and Smith), and for narrowing
searches, e.g., to universities, or to veterinary hospitals. ISI names alone were often
ambiguous; grey literature and acknowledgements were often helpful in clarifying who
was who. Subject keywords or affiliation were used, where needed, to distinguish
between homonyms. In the final comparative chart, the fullest form of each name was
listed.
Because of the amount of manual labor involved, this type of research is limited to
small sample sizes (fewer than 1,000 articles). First, OCR technology was used to scan
in names from paper sources (e.g., conference proceedings tables of contents), followed
by manual verification. Acknowledgements were entered manually, due to their usually
short length and often extremely small type size. Obtaining photocopies of
acknowledgements prior to the advent of e-journals (mid-1990s) was a major task, even
in a city with several well-endowed library collections. No single library collection
contained all the journals indexed in Web of Science. Lastly, productivity counts had to
be compiled manually.
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Eliminating aquarium personnel from the study proved difficult due to the
increasing convergence of zoos and aquariums. Personnel moved freely between them,
and, contrary to expectations, differences in how research is conducted in each turned
out to be minor. The two institutions exhibited more commonalities than differences,
and the effort required to identify participants' affiliation was too great for the benefits.
Some analyses were done without aquarium personnel, e.g., those done with the Web of
Science dataset, while others included them, e.g., analyses using AZA conference
presentations. The small number of aquarium personnel (under 50 individuals) was not
large enough to affect analyses, nor did aquarium personnel rank highly in ranked lists,
so this procedural anomaly did not affect results in any significant way.
Each individua l's contributions were calculated as the sum of peer-reviewed
publications, acknowledgements, and conference papers. However, this last number
was highly unreliable, as multi-authored papers were often listed under more than one
zoo in AZA's paper publication lists, resulting in inflated author scores. Conversely,
many zoos did not contribute to the AZA list, or did so sporadically, penalizing authors
affiliated with these institutions. As the intent of the study was to locate those
institutions that placed a high value on research and its diffusion, these biases in favor
of those who participated in multi-institutional studies and those institutions that
reported their publications were deemed acceptable.
The methodology also penalized authors who retired or joined the community
during the period 1973 to 2001, and favored those whose productive years coincided
with those years. The figures should therefore be taken as rough indicators of
productivity patterns and centers within AZA institutions, rather than as definitive
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totals. Additional sources, such as American Association of Zoo Veterinarians
conference papers, were not included because AZA was considered a sufficient
representation of the full zoo community. However, their inclusion could have affected
results for certain professions significantly (notably, nutritionists and veterinarians).
There were problems merging the lists of participants. Initials were sometimes not
sufficient to identify an individual as a unique participant. Acknowledgees were often
identified by informal first names, e.g., Bob instead of Robert. Typing errors,
misspellings of names in acknowledgements, OCR errors, and transcription errors had
to be detected and corrected manually. When personnel from zoos in different
categories co-authored a citation (e.g., one author from a high-productivity institution
and another from a small zoo), the citation was classed by the largest institution. This
only affected six citations in the sample database. Fifty-six duplicates were detected
(the result of collaboration between two or more authors from different zoos), and
removed.
There were approximately 18 210 AZA member institutions in 2001. Of these, 86
were included in Web of Science, and 77 were captured in the sample dataset. Because
Disney's Animal Kingdom opened in 1998 and longitudinal statistics were not
available, its peer-reviewed literature was discounted, unless its staff were co-authors
with staff from other institutions. However, its grey literature counts from 1996-1997
(when it began reporting) through 2000-2001 were included. The total number of

18

New member institutions join AZA regularly. The latest membership directory
available at the time of this study was from 1999. The public access portion of
AZA's web site did not provide the date each institution joined, so a best guess was
made.
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institutions covered by this study was 106 (including those in ISI that were not included
in the random sample, and those without any peer-reviewed publications but with grey
literature publications or acknowledgements).
The AZA publications lists were incomplete. Only 40 out of the 81 zoos in this
study reported their staff publications during 1994-1995, while only 32 reported for
1996-1997. Smaller zoos were most likely to be absent from the annual AZA
compilation, although all three large zoos also failed to report for one or two years. A
total of 277 institutions (zoos and outside organizations) were mentioned in the
acknowledgements of the 714 sample articles. Different departments within small
institutions were combined into a single affiliation (e.g., zoos, hospitals, laboratories),
while university departments were considered to be separate affiliations. So many
individuals crossed between zoos and related organizations (universities, nongovernment organizations, government agencies, medical centers, private veterinary
practices, etc.) that it was difficult to track their professional status over the 28-year
period. Moreover, collaborators were often volunteers with outside professional
affiliations. For example, one paper acknowledged a volunteer veterinarian. It was
impossible to locate the educational background of every individual mentioned in the
study (although it is becoming more common for zoo employees to list their
credentials).
Finally, no attempt was made to judge the quality of the research contributions
being studied. Every contribution was presumed to be of equal value, e.g., providing
research facilities to a graduate student was as valuable as co-authoring a peer-reviewed
paper or presenting a case study at a conference. The goal was not to find the "best"
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contributors, but rather to develop a robust, value-neutral methodology that would
allow zoos to see themselves as others see them.

Analysis
The total number of research acts (i.e., publications, presentations and
acknowledgements received) during this period was 15,625, including 7,090 peerreviewed publications (from Web of Science), 4,937 grey literature publications, and
3,338 acknowledgements to named individ uals. An average of 3.17 individuals
(authors, conference presenters, and acknowledgees) was associated with each zoo
research publication. Nineteen percent (714 articles out of 3,656) of the peer-reviewed
zoo literature involving American zoos between 1973 and 2001 was examined in this
study. The ratio of zoo-based to outside researchers throughout the three decades
covered by this study was one to one (47% and 53%, respectively).
Participants
The goal was to uncover a core group of individuals who had contributed to zoo
research through three different channels: conference presentations, peer-reviewed
articles, and assisting the research of others. Three lists of names were created: a)
papers listed in the annual AZA publications lists (1990-2001), enriche d with names
from AZA's annual conference proceedings (1974 through 2001); b) a random sample
of 714 peer-reviewed articles by one or more AZA-affiliated authors (excluding
aquariums), taken from the Web of Science; and c) individuals thanked in the
acknowledgements of the same 714 articles. There were 1,635 individual authors and
co-authors for the 714 papers analyzed, or 2.3 authors per paper. The three lists were
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combined, resulting in a total list of 6,339 individuals. A group of 834 individuals
(13%) appeared in at least two categories. Of these, 640 appeared in two categories, and
194 appeared in all three (see Table 4 and Figure 3). Despite incomplete reporting of
publications by many institutions, the total number of person-participations 19 rose
markedly throughout the study period (Figure 4). New participants entered the zoo
research field at a steadily increasing rate (Figure 5).
Table 4. Total Population of Zoo Researchers

Figure 3. Percentage o f participants for each
act.

19

Person-participation: one research act performed by one research participant.

118

Figure 4. Participation trends of zoo staff and outside
researchers.

Figure 5. Entry rate of new participants.

ISI's list of zoo-based researchers from the sample database contained 641 names.
Of these, 226 were found only in the AZA list, 52 were found only in the
acknowledgements list, and 194 were in both lists (see Figure 6). The low percentage of
overlap between the acknowledgees and the other two categories (below 25%)
supported Cronin's thesis that mentorship remains largely hidden from view.
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Figure 6. Overlap between categories.

The 20 top scorers for each category were merged, creating a list of 57 distinct
names (an average of 1.4 categories per author). The overlap between categories
seemed surprisingly low for such a small community of researchers. No one individual
dominated overall. Rather, individuals preferred to concentrate on one or two
communication channels (conference presentations, behind-the-scenes assistance, or
authorship). Table 5 illustrates the various methods of reviewing the contributions of
zoo-based participants. Participants were ranked by each of the three categories
(number of peer-reviewed articles, number of grey literature articles/conference
presentations, and number of acknowledgements received). A fourth category, number
of citations received, was created used Web of Science data20 .
Productivity
The current measure of productivity in the academic world is by number of articles
published. The top 10 zoo research authors, as judged by the number of articles indexed
in Web of Science, are listed in Table 6. All produced more than 50 publications during
their career to date. Only one was an outside researcher.

20

For multi-authored works, each author was accorded the full number of citations
received.
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Table 5. Comparison of Four Ranking Methods

Table 6. Most Published Zoo Researchers

Another simple, but more rounded, measure of productivity is to rank participants
by total career activities (publicatio ns, presentations, and acknowledged assistance).
The top 21 researchers were defined as having 50 or more research acts in their career
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to date (see Table 7). Publications weigh heavily in this measure, as all of the top 10
Web of Science researchers are also found in this list. Again, only one was an outsider.
A more accurate measure of productivity involves pre-selecting participants with a
minimum of five years' activity, and calculating the average number of annual researchrelated acts (publications, presentations, and acknowledged assistance) with which they
were involved. See Table 8 for the top 21 participants using this method. The minimum
annual productivity was slightly more than three research acts per year, and the
maximum was over eight. Eight of the top 10 Web of Science authors are represented,
indicating that publications still play a preponderant role in this measure. Only one was
an outsider.
A different approach is to look at the breadth of participation. For this, only
individuals who participated in all three categories (publication, presentation, and
acknowledged assistance) were retained. Thirteen individuals had scores above three
(with the highest at eight). The scores for each category varied widely, as most
participants had a clear preference for a particular category of participation. Only 4% of
individuals (263 of 6,160) qualified for this measure. Only six of the top 10 Web of
Science authors were listed in the top 13 broad participants (see Table 9). No outsiders
appeared in this list.
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Table 7. Top Participants by Raw Productivity
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Table 8. Most Productive Researchers (5+-Year Average)

Table 9. Top Participants by Breadth (3 Categories)
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One final method for determining the core set of zoo researchers was to take the
first 50th percentile of participants within each profession, i.e., individuals who perform
50% of research acts within each job category. Using this measure, 190 core individuals
emerged. While the other measurement schemes excluded almost all keepers, keepers
formed 60% of this core set. Statistically they should have represented 39% of the core
set. In the other three professions, only 10% of participants were responsible for 50% of
research acts by their cohort, but 23% of the keeper cohort was needed to perform 50%
of keeper research acts (see Table 10). One application of this analysis could be to
encourage the creation of a core set of keepers that is equivalent to the other
professions. Proportionally, this translates into 50 active keeper-researchers, or 10% of
the keeper cohort.
Table 10. Core Set by Profession

The narrowest possible definition of a core set of zoo researchers is the combination
of all the above methods, namely those with at least five years' participation who
contributed to all three categories, and performed at least one research act per year, on
average. These criteria produced a list of 125 individuals (2% of participants). Only 1%
of keepers and 10 curators appeared in this list (1% of core participants). Table 11
shows sample entries (see Appendix E for the full list).
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Table 11. Sample from Core Set of Zoo Researchers

Highly Productive Individuals
Most participants in zoo research were very unproductive, i.e., 79% of participants
performed only 34% of research acts, while 3.5% of participants (212) performed 29%
of all research acts. In all, an estimated 30,000 named individuals participated in some
form of zoo research in the U.S. between 1974 and 2001 (see Table 4). Of this total
population, 5,852 individuals were included in this study. Of these, 834 (13%)
participated in two or three of three communications channels (i.e., peer-reviewed
papers, grey literature, and/or research assistance). A total of 765 individuals appeared
in two or three categories; 87% were zoo personnel. Of these, one -quarter were
involved in all three channels of communication; the vast majority (91%) were zooaffiliated. However, only four of the top 10 scorers (in terms of total research acts)
participated in all three categories. Thus, high scores do not necessarily reflect broad
participation in the zoo research community.
Gender
An effort was made to determine gender for the comp lete author set. ISI only listed
authors' initials, but it was possible to identify the gender of 50% of community

126

participants from AZA sources and acknowledgements statements. Another 11% were
uncovered in NISC or Internet sources, for 61% of participants (3,750 out of 6,160).
Overall, 1,480 women and 2,281 men were identified, with 2,398 individuals not
identified by gender. To determine if the lack of gender data for 39% of the population
caused any methodological problems, the two groups of participants (known gender
and unknown gender) were compared. Participants without identified gender were
much more likely to be zoo-based, to have participated in the zoo research community
for one year or less prior to 1995, and to have performed only one research act during
their career (see Table 12). These biases should be taken into account for all analyses
using gender data.
Table 12. Gender Data

Women were excluded from zookeeping positions until the late 1960s, but now
form a majority of zoo personnel, perhaps as high as 60% (Lowney, 2002, para. 10;
Rogers, 1992, pp. 4, 5, 8; interviews). However, there were fewer female participants
than male in 2001, in absolute terms (see Figure 7). Female participants varied between
36% and 38% in the three categories, while male participants hovered around 60% (see
Figure 7).
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Figure 7. Gender distribution over time.

Figure 8. Gender by participation category.
The majority of outside particip ants were male. Female outsiders composed less
than one-third of all female participants, while male outsiders constituted 44% of all
male participants. As discussed below in the interview data, the tendency for senior,
established university researchers to cooperate with zoo researchers may explain the
preponderance of male outsiders, as universities were also male-dominated in earlier
decades (i.e., women professors would still have been relatively junior for most of the
period covered by this study). Zoo participants on the other hand were more evenly
split between male and female, as befits females becoming the dominant gender in zoo
staff during this period (see Figure 9).
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Figure 9. Affiliation by gender.

More outsider males published zoo-related peer-reviewed research than male zoo
staff, while the number of female zoo staff who published was roughly the same as
outsider females. Despite the higher percentage of female zoo employees, male zoo
employees dominated the grey literature. In general, the closer a particular type of
research participation was to mainstream, peer-reviewed, academic literature, the
higher its percentage of male participants (see Figure 10).

Figure 10. Affiliation and type of participation
by gender.

Leadership
To measure institutional leadership, the 1999 budget for each participating
institution was multiplied by five, creating an approximate budget figure for the period
1997 to 2001. This figure was then divided by the number of articles produced by that
institution during the same 5-year period (see Table 13).
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Table 13. Top 10 Leaders in Zoo Research
Zoo
Kansas City
National Zoo
Bronx
Crane
Fossil Rim
Dickerson Pk
Tracy Aviary
Zoo Montana
San Diego
Riverbanks

Budget 5 years' Cost/article
($million) articles ($million)
3.5
11
0.2
21.7
324
0.3
45.0
316
0.7
1.6
8
1.0
2.7
11
1.2
1.4
6
1.2
0.7
2
1.8
0.7
2
1.8
56.9
114
2.5
5.6
9
3.1

Participant Longevity
One criterion for measuring participants' impact on the zoo community was
longevity of participation, as measured by the difference between their first recorded
act of participation and their latest. Those whose careers began before 1973 were
disadvantaged, but most active community members with lasting contributions could be
identified. Three-quarters (73%) of zoo staff participated for one year in the research
community (2,143 of 2,924) (see Figure 11). These were split evenly between male
(51%) and female (49%). Eight percent participated for 2-5 years (65% male, 35%
female), 8% for 6-10 years (53% male, 47% female), and 11% for 11-29 years (70%
male, 30% female). The vast majority (83%) of outside researchers participated for one
year, and had low productivity. At the other end of the spectrum, 124 individuals
participated for 20 to 29 years, and were highly productive (see Figure 11). The gender
of one- year participants was 69% male and 31% female. Eight percent of outsiders
participated for 2-5 years (82% male, 18% female), 5% for 6-10 years (77% male, 23%
female), and 4% for 10-26 years (83% male, 17% female).
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Figure 11. Longevity of participant involvement.

Figure 12. Participant longevity and productivity.
Because peer-reviewed articles represented only one aspect of productivity,
longevity was then correlated to participants' research acts at four distinct thresholds: a)
participants active for one year, then b) those active for one decade (2-10 years), c) two
decades (11-20 years), or d) three decades (21-29 years). The 3% of authors with more
than 20 years' participation in zoo research, and the 8% of authors with 11 to 20 years'
experience produced as many articles as the 76% of authors with one year of
involvement (27%, 26%, and 26% of articles, respectively, for each threshold group).
The pattern of increasing productivity over time was consistent throughout the
population: 14% of those with 2 to 10 years of experience participated in 22% of
articles, while 8% with 11 to 19 years participated in 26%. The number of participants
dropped sharply after one year in zoo research (2691 to 488 for 2-10 years' experience).
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Of the 2,653 one-year participants, 241 (9%) were outsiders, and one-third (79)
participated during the last five years (1997-2001). Over 40% (1,046 of 2,412) of zoobased participants were active in the last five years of the study (see Figure 13).

Figure 13. Author participation and productivity
over time.

The core set of zoo researchers used in the following analysis was measured as
those individuals who had participated in one research act or more per year for at least
five consecutive years (as per Shrum, 1984, p. 73). Twenty-one percent of publications
in the full dataset had never been cited, while 3% (99) had been cited 50 times or more.
Less than one percent of articles had been cited over 100 times (0.8%). Single-author
articles accounted for 26% of citations. These 627 single-authored articles (17%) were
authored by 334 individuals, for an average of 1.9 articles per solo author. The 3,063
multi-authored articles (83%) were co-written by 5,651 individuals, for an average of
1.8 articles per co-author.
Author Affiliation
Fifty-one records had more affiliations than authors. The primary affiliation chosen
by authors with dual affiliations, i.e., affiliated with both a zoo and an academic
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institution, is indicative of the status they accorded each affiliation. Dual affiliation was
defined as records where there were more affiliations than authors, e.g.:
Author:
Pyare, S.//Longland, W. S.
Address:
Pyare S., Wildlife Conservat Soc, Gen Delivery, Kelly, WY 83011
Affiliation: Wildlife Conservat Soc, Gen Delivery, Kelly, WY 83011
Univ Nevada, Ecol Evolut & Conservat Biol Program 314, Reno,
NV, 89557 ARS, USDA, Reno, NV 89512.
To measure affiliation preference, the author, address, and institutional affiliation
fields were compared. In the case of sole-authors, records where the principal author
had a different affiliation listed in the address field than in the affiliation field were
retained. Where the listed order in the affiliation field clearly indicated an affiliation
preference for a secondary author, the record was also retained. Museum affiliations
were merged with academic affiliations. Ten records were discarded because
affiliations could not be definitively assigned, or the author had two affiliations at the
same type of institution (i.e., two zoo or two university affiliations). The 41 retained
records were evenly split between authors who listed their academic affiliation first
(20), and those who listed their zoo affiliation first (21).
Outside Researchers
In the majority of cases, outside researchers' involvement with zoos was of short
duration. Often, "outsiders" turned out to be former (or future) zoo employees. Many
zoo collaborators had well-established careers (see Interview section below).
Constituting about one-half of participants in 1973, their numbers dipped as low as onefifth of the total community in the next two decades, but rose recently to 40% (see
Figure 14). Their participation in AZA conferences was highest in the 1970s, then
dropped to an insignificant percentage in the intervening decades.
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Figure 14. Ratio of zoo to outsider researchers
over time.
The number of independent outside researchers performing research in zoos
remained quite low, judging from ISI data. The numbers may have been incomplete, as
it was difficult to recover such data from ISI databases (i.e., keyword searches for "zoo
or zoos or 'zoological park*'" in the title and abstract fields are not as thorough as using
the author affiliation field). In addition, abstracts were not available in indexing
databases throughout most of the period being studied, depriving the researcher of
additional keywords to locate zoo research by independent outside researchers.
Notwithstanding these limitations, 82 articles covering the entire period under study
were retrieved. These showed a steady progression in outside research performed in
zoos, with a strong increase in recent years (possibly due to ISI's more systematic
inclusion of searchable article abstracts beginning in the 1990s) (see Figure 15).

Figure 15. Trends in non zoo-based research
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Professions
Establishing the profession of zoo community participants was a tentative affair,
although a variety of sources (NISC, ISI, AZA, and the Internet) were used to make it
as comprehensive as possible. When an individual's profession was not available in
these sources, contextual information was used to determine the likeliest profession
(i.e., studbook authors without other publications or an advanced degree were assumed
to be keepers; authors of several peer-reviewed publications on conservation were
assumed to be researchers; authors of grey literature on husbandry and conservation
were assumed to be curators; authors of peer-reviewed medical publications were
assumed to be veterinarians). Outside academics were easily identified, as were
veterinarians. The most difficult task was distinguishing between curators and keepers
at smaller institutions.
Ascertaining a participant's profession at a given point in time was often possible,
but the longitudinal nature of this study raised several practical problems. Many of the
prolific keepers, for example, changed institutions frequently, and sometimes became
curators. Several veterinarians also listed a Ph.D., and some moved into research
positions, while a few became zoo directors. Usually, an individual was listed at the
highest position obtained. The exception was directors, who were listed as either
"Administrative" or "Researcher," depending on the nature of their contribution.
Of 2,924 American zoo-based participants between 1973 and 2001, profession was
established (with reasonable certainty) for 1,649, while a zoo affiliation was established
(with reasonable certainty) for 2,090. Neither profession nor affiliation was found for
881 participants. Of the 1,672 individuals whose profession was known or reasonably
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certain, 152 were classified as "Administrative" (not directly related to animal care),
167 as "Curator," 528 as "Keeper," 37 as "Nutritionist," 100 as "Research Assistant,"
366 as "Researcher," 297 as "Veterinarian," and 25 as "Veterinary Technician" (see
Table 14 for main professions; numbers are lower because institutional affiliations were
lacking for some individuals).
Table 14. Professional Distribution of Zoo Participants

The 1,530 individuals for whom both institutional affiliation and profession were
known worked at 114 zoos. The distribution of participants was highly skewed, with
just over 50 percent working at 10 zoos. In the case of multiple affiliations, research
acts were arbitrarily assigned to the first affiliation. Affiliations were listed in order of
discovery (not necessarily in chronological order according to the participant's career
path).
The rate of entry into zoo research (as judged by the first recorded research act)
increased steadily for all professions except keepers, who began participating in large
numbers during the 1990s, tapering off in recent years (see Figure 16). The ratio of
participation was 3 keepers, 2 researchers, and 1.6 veterinarians for every curator.
Research acts peaked twice, in the late 1980s and again a decade later, particularly for
keepers (see Figure 17). The ratio of participation was three keepers, two researchers,
and 1.6 veterinarians for every curator. Despite small population sizes for certain
professions (veterinary technicians, nutritionists, and research assistants), distinctive
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patterns of participation emerged for each profession. Veterinarians were most likely to
publish peer-reviewed articles and least likely to be acknowledged, while the exact
opposite was true for keepers. (The figure for veterinarians may be misleading, as
conference presentations at the American Association of Zoo Veterinarians were not
included in the study.) Researchers were the most balanced group (see Figure 18).

Figure 16. Entry trends by profession.
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Figure 17. Participation trends by profession.

Figure 18. Participation acts by profession.
Distinctive gender patterns also emerged for each profession. While keepers were
largely evenly split, veterinarians, curators, and (to a lesser extent) researchers were
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male-dominated (see Figure 19). The number of one-time participants varied from
three-quarters of keepers (77%) to half of curators (52%) to one-third of researchers
(37%) and veterinarians (31%).

Figure 19. Gender by profession.
Keepers
The study identified 528 keeper participants affiliated with 72 institutions who were
responsible for 804 research acts. On average, each keeper participated in 1.5 research
acts (authored an article, presented at a conference, or assisted with research) during the
study period. Nearly 40% (205) joined the research community between 1997 and
2001, and three out of four (78%, 413) were one-time participants. Nearly half (46%) of
one-time participants entered the zoo research community during the last five years of
the study. Sixty-one keepers (12%) who had performed three or more research acts
accounted for 35% of all keeper acts. There was a direct correlation between the
number of keepers involved in research at a particular institution, and keeper research
productivity at that institution (note high degree of overlap between Tables 15 and 16).
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Table 15. Top-ranked Zoos by Keeper
Participants

Table 16. Top-ranked Zoos by Keeper
Acts

Curators
The study identified 167 curators affiliated with 65 institutions who were
responsible for 779 research acts. On average, each curator participated in 4.7 acts.
Nearly 40% entered the community between 1997-2001. Fifty-one percent (86) were
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one-time participants. More than three-quarters (81%) of one -time curator participants
entered the zoo research community during the last five years of the study. Twenty-four
curators (14%) performed 10 or more acts, and accounted for 60% of total curator
research acts. Not surprisingly, institutions with high numbers of curators doing
research tended to have the highest numbers of curator research acts (see Tables 17 and
18). The National Zoo's uncharacteristically low ranking (only two curators, and four
curator researcher acts) may be due to incomplete data, or may be indicative of a
marked separation of curatorial and research duties.
Table 17. Top-ranked Zoos by
Curator Participants

Table 18. Top-ranked Zoos by
Curator Acts
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Veterinarians
The study identified 297 veterinarians affiliated with 72 institutions who were
responsible for 2,749 research acts. On average, each veterinarian participated in 9.3
acts. This dropped to seven acts per veterinarian when the five most active zoos were
excluded. Fully one-third (35%) entered the community between 1997-2001. One-time
participants accounted for 36% of the veterinarian population (107). Of these, onequarter (24%) entered the zoo research community during the last five years of the
study. Thirty-seven veterinarians (12%) were responsible for 20 or more acts and
accounted for 57% of total veterinarian research acts. Half of the top zoos by number of
veterinarian research acts were also listed as top-productivity zoos, indicating that the
number of veterinary participants and their research productivity are not as strongly
correlated as in other professions (see Tables 19 and 20).

Table 19. Top-ranked Zoos by
Veterinarian Participants
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Table 20. Top-ranked Zoos by
Veterinarian Acts

Researchers
The study identified 366 researchers affiliated with 58 institutions who were
responsible for 3,398 research acts. On average, each researcher participated in 9.3 acts.
This dropped to six acts per researcher when the five most active zoos were excluded.
About one - fifth (22%, 82) joined the research community between 1997 and 2001.
Thirty-eight percent of researchers (142) were one -time participants, and 65% of onetimers entered the zoo research community during the last five years of the study. Fiftysix researchers (15%) performed 20 or more acts and accounted for 63% of total acts
(see Tables 21 and 22).
Research Assistants
The study identified 100 research assistants affiliated with 17 institutions who were
responsible for 214 research acts. However, 35 (44%) were associated with a single
research project at the National Zoo, so no detailed analysis was done on this group. On
average, each research assistant participated in two acts. The majority of assistants
(77%) were one -time participants, and 56% entered the zoo research community during
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the last five years of the study. This category was heavily concentrated at the National
and Bronx Zoos (70% of staff, responsible for 56% of acts).

Table 21. Top-ranked Zoos by
Researcher Participants

Table 22. Top-ranked Zoos by
Researcher Acts

Institutions
In all, 909 institutions (defined broadly to include groups and communities) were
involved in 6,836 research projects, for an average institutional participation rate of
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seven projects. However, the National Zoo accounted for 22% of all research acts,
Bronx Zoo/WCS for 13%, and San Diego Zoo for 11%. Without these three
institutions, the rate of institutional participation dropped almost by half, to four
projects. Of these, 38 were AZA member institutions (including aquariums). One-fifth
(22) of the 106 AZA zoos involved in research performed only one research act during
the study period (this may be an inflated number, as many smaller zoos contributed
irregularly to AZA's publications lists, and may have been under-represented).
Over two-thirds (623) of institutions were one-time participants. Research
productivity (as measured by number of peer-reviewed publications) was not correlated
to institutional budget, institutional age, or age of research program (as measured by
year of first appearance in ISI indexes) (see Table 23). See Appendix F for complete
comparison chart of zoos and Appendix G for a complete list of publication ranking
and budget ranking by institution.
Table 23. Top Producing Institutions,
with Budget Ranking

Calculating article productivity is another simple way to determine effectiveness of
an institution's zoo research program. Three out of the top four zoos began publishing
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in ISI before 1973, while the fourth began in 1974. Consequently, this measure may be
biased towards older, highly productive zoos, although high-, mid-, and lowproductivity zoos were all represented in the top 10 institutions (see Table 24).

Table 24. Article Productivity

A more sophisticated approach is to calculate article productivity as the sum of
number of articles divided by budget (1999 figures) and number of years the institution
has appeared in Web of Science (i.e., years of proven research activity). While crude,
this technique proves that budget and institutional size are not correlated to cost
efficient research. The budget-productivity ratio should show which zoos have created
a positive environment for research, according to industry norms. To measure this, each
institution's 1999 budget was divided by one million to create a number below 100, and
then divided by the number of articles produced in the five-year period 1997-2001. The
score obtained in this manner was biased towards multi- institutional studies, as some
grey literature publications were counted several times (see Table 25; see Appendix H
for full listing).
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Table 25. Most Cost-effective Research Programs
Rank
Zoo
Productivity # articles
1
Zoo Montana
Medium
13
2
National Zoo
High
1,346
3
Tracy Aviary
Low
2
4
Fossil Rim
Medium
19
5
Intl Crane Fdn
Medium
24
6
Bronx/WCS
High
821
7
San Diego
High
700
8
Roger Williams
Medium
17
9
Kansas City
Medium
24
10
Glen Oak
Low
3

1999$* Years $*/article
0.7
5
0.3
21.7
35
0.6
0.7
3
1.1
2.7
9
1.3
1.6
24
1.6
45.0
35
1.9
56.9
27
2.2
5.0
8
2.4
3.5
18
2.6
0.7
13
3.0

Finally, a more accurate picture of an institution's research contributions could be
obtained by dividing its budget by the total number of research acts performed during
the budget year. To approximate this, 1999 budget figures were divided by the total
research acts between 1973 and 2001 to determine overall research productivity for
each zoo. Research acts were assigned to participants' first-listed institutional
affiliation, and only research acts by participants who could be linked to a specific
institution were included. The number of named research staff was also included, for
comparison purposes. The 19 zoos with scores of 10 or higher are listed in Table 26
(see Appendix I for full listing). Six zoos appear in the top 10 of both Table 25 and
Table 26.
An institution's impact on the wider community can be calculated as the number of
citations received by staff publications. This was measured by correlating highly cited
articles and the affiliation of their zoo-based author(s). The 30 most-cited articles were
associated with only four zoos. National Zoo staff were affiliated with 16, Bronx
Zoo/WCS staff with 7, San Diego Zoo staff with 6, and Brookfield Zoo staff with 1.

146

Table 26. Overall Most Productive Zoo Research Programs21

The body of zoo research between 1973 and 2001 involved 629 named institutions 22
listed in ISI's institutional affiliation field appeared 2,001 times, or an average of 3.2
times each. In the sample database (714 articles), each institution was affiliated with an
average of 2.6 authors (1635 authors from 629 institutions).
A different approach was to ascertain the breadth of professional involvement, i.e.,
the number of professions involved in research at each institution out of eight possible
professions (administration, curator, keeper, nutritionist, researcher, research assistant,
veterinarian, and veterinary technician). Table 27 compares breadth of inclusiveness for
each institutional type (high, mid, and low-productivity zoos). The results are not

21

22

In a 1996 survey, zoo researchers listed the following institutions as the top six zoos
by scientific reputation: Wildlife Conservation Society, San Diego, National,
Brookfield, St. Louis, and Cincinnati (Stoinski, Lukas, & Maple, 1998, p. 177).
University departments were counted as separate institutions.
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surprising for high-productivity zoos. Mid-productivity zoos, for the most part,
integrate four or more professional groups in their research efforts. It is noteworthy that
eight low-productivity zoos included five or six professional groups in their research
efforts.
Multi-authorship
Zoo literature for this period conformed to the general trend within scientific
literature towards increasingly multi-authored works. Single-authored publications
stagnated, while multi-authored publications soared (see Figures 20 and 21). A
comparison of three thresholds (single-author, 5-author and 10+-author publications)
over the 28-year period shows an increase in publications with 10 or more authors, and
a drop in those with five authors (see Figure 22). The trend is even more pronounced
with thresholds of 1, 2, 3, 4, and 5 or more authors (see Figure 23).

Figure 20. Distribution of multi-authored scholarly papers.
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Table 27. Inclusiveness by Productivity
Level

Figure 21. Single- and multi-authorship trends.
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Figure 22. Evolution of multi-authorship by
threshold.

Figure 23. Multi-authorship trends by decade.

Zoo Research Publications
Two sources of longitudinal data for zoo publications from two of the oldest and
most productive American zoos were available: National Zoological Park Staff
Publications 1912-1989 (Kenyon, 1989), and the Wildlife Conservation Society's
(WCS) bibliography (Johnson, 2003). While both were incomplete (especially the WCS
bibliography for the early 1970s), they both covered grey literature and peer-reviewed
literature, and provided so me perspective on the development of zoo literature during
the 20 th century (see Figures 23 and 24). The early 1970s appear to be the debut of a
large growth curve. While this may be due to the advent of computerized databases in
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that era, which provided easier access to published material, these sources supported
the decision to start this bibliometric study in the early 1970s.

Figure 24. Historical publication trends at the National Zoo
(Kenyon, 1989).

Figure 25. Historical publication trends at Bronx Zoo/
WCS (Johnson, 2003).

Peer-reviewed Journals
Based on ISI records, zoo literature appeared in 486 peer-reviewed journals over
this 28-year period. The staff publications database from the Wildlife Conservation
Society revealed an additional 191 periodicals, while 19 more were culled from the
National Zoo's print bibliography. Zoo literature was thus scattered over at least 698
periodicals, ranging from peer-reviewed journals to grey literature and association
newsletters, with approximately twice as many peer-reviewed as non peer-reviewed
publications. While some of the non-ISI titles were peer-reviewed, the majority were
not. Once meeting abstracts were removed, a core set of quality peer-reviewed articles
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from relatively high-ranked journals remained. Because of ISI's incomplete coverage of
low-ranked journals, it made more sense to study peripheral or low-ranked disciplines
as a set of authors, rather than as a set of journals. However, this was time-consuming.
It would be feasible to combine results sets from several indexes and transcribe missing
citations in order to work with a complete journal set for a smaller discipline. The
breadth of scope highlights the difficulties in trying to locate a core set of periodicals in
zoo research (see Appendix J for full list of periodicals containing zoo research).
Most (3,052 or 71%) authors published papers with one to five colleagues. This
group of individuals also accounted for 63% (9,610) of person-publications 23 (see
Figure 26).

Figure 26. Distribution of single- and multi-authored
articles.
ISI-indexed journals were ranked by number of zoo papers published. The top three
journals accounted for 28% of peer-reviewed articles, the next 25 journals for 29%, the
next 100 for 28%, and the last 358 for the remaining 14.5%. Zoo Biology occupied
second place, although it was not founded until the mid -1980s and ISI did not begin
indexing selected articles from it until volume 3, issue 4. In all, ISI chose 233 articles

23

A person-publication equals one author's participation in one publication. Authors
were awarded one person-publication point for every article they published,
regardless of the number of co-authors.
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from Zoo Biology (between one to seven articles per issue). This is consistent with ISI's
reputation as a highly restrictive index of peer-reviewed literature. Medical journals
were dominant, accounting for 2 of the top 3 journals, 5 of the top 10, and 36 of the top
100. Only 1 of the top 10 and 8 of the top 100 journals were in behavioral science.
Primatology was represented by 1 top-10, and 4 top-100 journals. Four percent (24)
were published outside North America. See Appendix K for a complete list of peerreviewed journals containing zoo research, with the number of zoo-based articles found
in each title.
Grey Literature
Grey literature was measured as the combined total of all AZA conference
presentations 24 , plus all grey literature (conference papers, studbooks, and keeper
periodicals) listed in the AZA annual publications lists between 1990 and 2001. A total
of 2,645 individuals participated in an average of two grey literature publications each
between 1974 and 2001, for a total of 5,350 author-publications. The list of grey
literature authors was created by extracting authors of conference papers, studbooks,
husbandry manuals, and articles in IZY and Animal Keepers Forum from AZA
publications lists from 1990 to 2001 (articles from Zoo Biology were indexed in ISI and
were therefore not included). Because of a change in AZA's online publication format,
only conference papers were downloaded for 2000-2001, so these were the only form
of grey literature added for that year. In all, 2,620 author-publications were made at

24

K. Kawata (personal communication, December 17, 2005) claims that "the number
of papers published in the [AZA] proceedings in no way reflects the number
presented," i.e., a significant but unknown percentage of written submissions based
on oral presentations are never published.
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AZA conferences between 1974 and 2001. To these were added 3,056 authorpublications listed in AZA's annual publications lists, for 5,676 author-publications.
Non-animal related citations (e.g., marketing, exhibitry, education) were not
removed from the grey literature. Another problem was that many institutions did not
report their publications to AZA or did so in an irregular fashion. The compilation of
the annual AZA lists appeared to be haphazard, with fluctuating response rates, even
for the most productive zoos. Grey literature was most likely under-reported, as some
institutions reported none whatsoever. The absence of a comprehensive source for grey
literature prior to 1990 created a major gap in data for this category of research
participation. The incomplete reporting of zoo publications to AZA and the lack of
incentive to report this type of literature no doubt affected the comparison of peerreviewed and non peer-reviewed literatures for zoo research (see Figure 27). The AZA
listings contained many duplicate articles (i.e., the same article was reported by each
participating institution), and this artificially inflated productivity levels at certain zoos.

Figure 27. Disparity of grey literature sources.
The trend towards multi-authorship was most marked in highly productive (large)
zoos, which went from 1.5 authors per publication in 1990-1991 to 4.5 authors in 20002001, and was almost as marked in low-productivity (small) zoos, rising from 1.5 to 3
authors over the same period. Mid-productive zoos rose only slightly, from two to three
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authors (see Figure 28). It seems likely that both larger and smaller zoos had inflated
productivity scores for grey literature.

Figure 28. Publication reporting of zoos to
AZA by category.

The top three grey literature periodicals for zoo research were Animal Kingdom,
Wildlife Conservation, and International Zoo Yearbook . More than one -quarter (59 of
210) were specific to a particular taxon (i.e., mammals, birds, reptiles or amphibians).
A broad range of disciplines was represented, including 20 medical, 9 educational, and
2 behavioral publications. International (non-North-American) publications formed
20% (42) of grey literature periodicals.
The three high-productivity zoos reported their literature to AZA for eight years
during the period 1990-2001; only one reported in 1998-1999. Two-thirds of the midproductivity zoos reported their publications throughout this period (varying between a
42% participation rate in 1996-1997 to 81% in 1999-2000). Low-productivity zoos
reported only 31% of the time on average (ranging from 21% in 1992-1993 to 40% in
1998-1999). In general, participation rates have remained stable throughout the past
decade (see Figure 29). The number of publications reported closely follows the
number of reporting institutions, however (see Figure 32 below).
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Figure 29. AZA publications list reporting trends.
A trend towards increasing multi-authorship of grey literature in American zoos
was most marked in highly productive zoos, which went from 1.5 authors per
publication in 1990-1991 to 4.5 authors in 2000-2001, and almost as marked in lowproductivity zoos, rising from 1.5 to 3 authors over the same period. Mid -productivity
zoos rose only slightly, from two to three authors. All of the top 15 grey literature
authors also published peer-reviewed articles (see Table 28).
Table 28. Top 15 grey literature authors

AZA did not publish an annual bibliography in 1995-1996. Some publications from
1995 appeared in the 1994-1995 and the 1996-1997 compilations, but there was no way
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of knowing if all 1995 publications were reported. As 1996-1997 also had the lowest
reporting rate of the decade, the missing year was not counted (i.e., 1990-2001
contained 10 rather than 11 years for statistical purposes). In addition, the AZA report
for 1996-1997 lacked two of the three most productive zoos (National and San Diego),
and had the second-lowest participation rate from low-productivity institutions (23%).
One of the three highly productive institutions (National Zoo) did not report for three
consecutive years (1997-1998 through 1999-2000). Even when zoos reported their
publications, AZA's listings were often incomplete. For example, some prolific authors
(e.g., Michael Hutchins) had no grey literature listed in the AZA publications lists for
years in which they presented at the AZA annual conference. Possibly, they or the ir
institutions did not view conference papers as important enough to report, and/or
conference papers were omitted by AZA in an attempt to reduce publishing costs.
While the available data on grey literature were too incomplete to draw definitive
conclusions, it would appear that grey literature peaked in the mid-1990s (1995 at AZA
conferences, and 1997 for all grey literature), and began declining. Yet fully threequarters of conference presenters (1,888 of 2,537) began participating in AZA
conferences in 1990 or later, compared to five percent (123) during the period 19741979. This strongly suggested that grey literature was under-reported. Nearly 95% of
researchers had presented only once or twice during their career. Only 1% of total AZA
person-presentations 25 took place between 1974 and 1989 (264 of 2,620), indicating
tremendous growth during the 1990s, both in terms of number of presentations, and
number of co-presenters.

25

A person-presentation equals one presenter's participation in one conference paper.
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Zoo staff participation in AZA annual conferences rose steadily through the 1990s,
plateaued in the 1980s and 1990s, and declined during the most recent five years.
Outside presenters were nearly as numerous as zoo presenters during the 1970s, but
have declined as a percentage of conference participants since then (see Figure 30).

Figure 30. Insider-outsider conference participation.

Except for a dip in the late 1970s, the ratio of presenters to presentations remained
at about 1.5 to one. The effects of multi- authorship were not felt at AZA conferences
before 1997, when the number of co-presenters began to rise (see Figure 31). The fact
that most conference presentations do not pass into the scholarly literature may explain
the lower rate of co-authorship, whose main benefit is to improve one's chances of
being published and cited. In addition, many staff were more comfortable giving oral
presentations than writing articles (see Interview section below). While the ratio of
presenters to presentations remained steady throughout the decades, the number of
prese nters dropped in recent years (see Figure 32).
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Figure 31. Ratio of presenters to presentations.

Figure 32. Trends in conference presenters and
presentations.

As a crude measure of conference participant longevity, presenters were grouped
according to the decade(s) in which they made presentations. The periods were 19741979, 1980-1989, 1990-1999, and 2000-2001. Eight presenters appeared in four
decades, 49 appeared in three, and 328 appeared in two. Five percent of presenters only
appeared in the years 2000-2001, 69% only in the 1990s, 14% only in the 1980s, and
2% only in the 1970s. Overall, 90% of presenters were active at conferences for periods
of one decade or less.
A more detailed measure was devised in order to look more closely at conference
participation. The span of conference activity for each presenter was calculated as the
difference between the date of the first recorded presentation and the last. Thirty
percent of presenters (772 out of 2,537) had given conference papers for a two-year
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period or longer. The remaining 70 percent (1,766) had only presented during one year.
It was not possible, given the large population size, to establish which authors were zoo
employees. However, these results hint that the majority of conference papers were
presented at non-AZA conferences in collaboration with non-zoo colleagues. It can be
hypothesized from these preliminary results that zoo researchers who successfully
completed a joint project with outsid e collaborators (as evidenced by a published
conference paper) were unlikely to repeat the experience. While each presenter was
active for an average of 2.9 years, the portrait was highly skewed. Of the 2,537
presenters, 203 (8 percent) were active for an average of 14 years, while the remaining
94% averaged only 1.9 years.
Acknowledgements
Breaking acknowledgements statements down into the six categories defined by
Cronin was relatively simple, except for the categories "moral" and "technical." It was
decided to put donations of material, specimens, and animals under "Moral," as well as
statements of conformity to university or government ethical standards (for animal
testing). Technical assistance, including donated services, was grouped under
"technical" (statistical analyses, laboratory tests, and veterinary procedures). When no
category could be determined (usually a list of persons whose contributions were not
specified), "grunt work" was assigned. In the following examples, keywords that were
used to assign acknowledgements to a particular category are in bold letters.
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Examples
Moral:
We thank the Namibian Ministry of Environment and Tourism, especially the staff
of Etosha National Park and Etosha Ecological Institute, for their support in all
aspects of this study.
We also thank everyone who provided information on the case histories of the
gibbons.
We thank the personnel of the Tulsa Zoo for allowing this research to be conducted
on their chimpanzees

Technical:
We also thank Kirk Stuart, Michigan State Animal Health Diagnostic Laboratory;
Emily Jaffee of Columbia University; and Susan Rosenburg of the Wildlife
Conservation Society for their help.
Grunt work:
Considerable logistical support was gratefully received from F.A.N. (Fundacion
Amigos de la Naturaleza) at the administrative level in Santa Cruz and while in the
field from all those resident at Flor de Oro, particularly the park guards.
When acknowledgees were not listed elsewhere (i.e., as authors or presenters), their
professional status could often be determined based on acknowledgements statements,
their publications, or Internet sources. For example, the acknowledgement "assisted
with sample collection" was associated with keepers, as were publications in Animal
Keepers' Forum . "Assisted with data analysis/fieldwork" was associated with research
assistants if no other data were available.
Due to the labor involved in capturing acknowledgements, the acknowledgement
analysis was limited to those found in sample articles, not in the whole article
population. (The development of sophisticated text analysis software may aid in future
studies (Simkin & Roychowdhury, 2003)). One result of this limitation was that
acknowledgements represented a small fraction of research acts, and thus could not be
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done on an equal footing with peer-reviewed and grey literature publications. Because
100% of low-productivity zoos' research papers were included, no bias against this type
of zoo occurred. Moreover, a fuller data set would have shown high and midproductivity zoos receiving an even greater percentage of acknowledgements. As these
zoos already ranked high in most rankings, final results would not likely have changed.
Acknowledgements were present in 521 sample articles out of 714. In all, 3,963
acknowledgements were made (3,338 to individuals and 625 to institutions and groups).
The average number of acknowledgement statements per article was six (five persons
and one institution), while the average acknowledgee (institution or person) received
1.26 acknowledgements each (1.47 per person and 1.64 per institution). Of the 2,772
individuals acknowledged, 40% (1,103) were zoo-based and 60% (2,396) were non-zoo
participants. In addition, 382 institutions were acknowledged (129 zoos and zoo-related
groups, and 253 external institutions or groups). Zoo personnel received 1.41
acknowledgements/person on average compared to 1.09 for non-zoo participants.
Zoos and groups of zoo personnel were thanked on average 2.27 times each, versus
1.31 acknowledgements for each external institution/group. Out of 3,338
acknowledgement statements, 2,841 were made to named persons. Of these, 57% were
to non- zoo personnel, while 43% were to zoo staff. Technical support was most
frequently acknowledged (63% of articles), followed by moral support, funding
sources, and grunt work (see Table 29).
Gender data were available for two-thirds of acknowledgees. Although not
statistically conclusive, participants were nearly twice as likely to be men as women
(39% male to 22% female, with 39% of unknown gender). Men provided moral support
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2.5 times more often than women, and acted as assessors twice as often. Despite the
disparity in representation, women were more than twice as likely as men to provide
"inspiration" for research projects (see Table 30).

Table 29. Breakdown of acknowledgements by type

Table 30. Gender distribution of
acknowledgement types

A positive correlation existed between publication productivity and
acknowledgements, i.e., articles affiliated with low-productivity zoos were less likely to
include acknowledgements (66%) than those affiliated with mid-productivity (72%) or
high-productivity institutions (83%). This may be related to the higher percentage of
multi-authored work in larger institutions (i.e., more authors leads to more
acknowledgements).
Researchers were acknowledged most frequently (one-third of all
acknowledgements), followed by keepers (one-quarter), and veterinarians (one-fifth)
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(see Table 28). Acknowledgement of keeper assistance began in the late 1970s and
grew steadily, with a peak in the early 1990s (see Figure 33). Vets offered the greatest
variety of assistance, with 50% of them offering two or more types of aid. Researchers
were also fairly versatile (32% in two or more categories), followed by curators (26%)
(see Table 31).

Table 31. Distribution of acknowledgements by
profession

Figure 33. Acknowledgement trends for keepers.
Researchers and veterinarians had the broadest participation style, with up to four
categories of assistance each (out of a possible six). Veterinarians were the most
diverse, with half of them providing two or more types of research assistance. One-third
of researchers and one-quarter of curators participated in two or more types of
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assistance. The vast majority of keepers and research assistants participated in only one
type of research assistance (see Table 32).

Table 32. Breadth of Acknowledged Assistance by Profession

Researchers and veterinarians engaged in twice as many research acts as curators
(see Table 33). Researchers were by far the most acknowledged prime movers (90% of
acknowledgements), and assessors (70%). They also ranked first for moral assistance
(37%) and technical help (36%). Within their category, they were most frequently
acknowledged as assessors (25% of researcher acknowledgements). Veterinarians were
most valued as technical advisors (35%), followed by moral and grunt work assistance.
Keepers performed about half of all grunt work (46% of grunt work
acknowledgements), but this type of work represented 71% of the acknowledgements
they received. Their moral support was also acknowledged, but comments that reflected
keeper involvement and cooperation in the acknowledgements section were rare (see
Table 34).
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Table 33. Average
acknowledgements per
profession

Table 34. Acknowledgement types by profession

Highly-acknowledged Participants
Highly acknowledged participants were defined as those with five or more
acknowledgements. Out of 2,773 acknowledgees, 22 (1%) achieved this status. The
majority of them were men (18), and most had participated in zoo research for over 20
years (16). Three out of the four women had participated for less than 20 years. The
vast majority held advanced degrees (Ph.D. or D.V.M.) (20), and were zoo-based (20)
(see Table 35).
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Uncitedness26
Twenty-one percent of articles received no citations. Low- and mid-productivity
zoos were much more likely to remain uncited (28% and 29%, respectively), while
high-productivity zoos were much less likely (17%) (see Figure 34). Uncitedness did
not appear to be linked to multi-authorship, hovering just over 25% for 1- to 10authored articles (with the exception of eight-authored articles, 16% of which were
uncited).
Citedness
The study used citedness data from a 30-year period (1973-2003), rather than a 28year period. The additional two years (2002-2003) allowed for citations to the most
recent articles from 2001 to be included27 . Citedness data from the sample database
were used to give the general outline of results, while full citedness statistics were
extracted from the full ISI database for the remainder of the analy sis.

Figure 34. Uncitedness by institution type.

26

27

ISI defines uncitedness as papers published in journals covered by ISI's citation
database that did not receive a single citation in the 5 years after they were
published (Pendlebury, 1991). However, for the purposes of this project, articles
that were not cited for at least two years after publication were counted as uncited,
i.e., articles published between 1973 and 2001 that had zero citations by 2003.
Most citations in science occur in the two years following publication (Vinkler,
2000).
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Table 35. Highly acknowledged individuals

The number of zoo research citations rose steadily throughout the period. As was to
be expected, articles published during the last two years were less cited than earlier
ones (see Figure 35). The majority of citations (500 out of 770, or 65%) listed a zooaffiliated author as the principal author (zoo authors formed only 53% of the author
population). All of the extremely highly cited papers were affiliated with highly
productive zoos, except one that was affiliated with a medium-productive zoo
(Brookfield). One highly cited article included an author from a low-productivity
institution, but it was co-authored by an author from a high-productivity institution.
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Thus, there appeared to be a positive correlation between the primary author's
affiliation with a highly productive zoo and a high number of citations.

Figure 35. Citations to zoo research.

Most articles with a zoo or aquarium affiliation were cited at least once (79%) (see
Figure 36). Three percent were highly cited (50 times or more), while 0.8% were cited
more than 100 times. One quarter of the 30 most-cited papers were single-authored.
Two papers were cited more than 300 times, and another three were cited more than
200 times (see Figure 37). In the mid -range, 27% of the cited articles received between
11 and 49 citations, while 69% received 10 or fewer. Half of single-author papers had
more than 10 citations, yet single-author papers only accounted for 15% of all papers.
This indicated that sole authorship was more rewarded than co-authorship, in terms of
citedness.

Figure 36. Citation rate by zoo type.
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Figure 37. Frequency distribution of citations.

Ten percent of citing journals (127) accounted for 70% of citations, while the
bottom 50% of citing journals (634) were responsible for 7% of citations. The 80-20
rule of thumb holds true here. In Figure 38, columns 1 and 2 represent the top 20% of
citing journals, which account for 80% of all citations received.

Figure 38. Distribution of citations by journal (in tenths).

Papers from high-productivity zoos were more likely to be cited five or more times
than those from low-productivity zoos. Articles from mid-productivity zoos peaked at
three citations, and then tapered off more rapidly. High-productivity zoos were less
likely to be cited once than low- and mid-productivity zoos (see Figure 39).
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Figure 39. Citation distribution according to zoo type.
The results of the citing analysis for 454 articles published in 1999 and 2000 are
shown in Table 36. Over one-third (161) were not cited by mid-2002. The 22% (98)
cited once were considered to be self-citations and disregarded. Ten (2%) of the
remaining 194 articles accounted for one -third (474) of citations, receiving from 21 to
125 citations each. Sixteen articles, including the three most cited articles (125, 83, and
53 citations), listed outside researchers as their main authors.

Table 36. Citations for articles from 1999-2000
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Highly-cited Articles
The main database of 3,656 articles contained 99 highly cited articles (cited 50 or
more times) (2%). For 54% of these, the principal author was not zoo-affiliated (the
percentage of zoo-affiliated primary authors in the sample dataset was 47%). Moreover,
almost all primary authors of highly cited articles from the sample dataset were not
zoo-affiliated (9 out of 10).
Two zoo researchers with dual affiliations chose to list their non-zoo affiliation
first. If the ploy of listing the more prominent affiliation first is ignored, then half of the
top 10 highly cited articles listed zoo personnel as the principal author (see Appendix
L). All top 10 authors had at least 10 years' participation in zoo research, but their
annual rate of participation (or "score 28") varied widely (see Table 37). Seven percent
of the citing papers listed zoo personnel as the primary author, while an additional 6
percent listed them as secondary authors. Thus, 13% of citing papers had a zoo
affiliation. These figures suggested that the vast majority of citations to top zoo
research came from outside the field of zoo research, although the sample was too small
to be statistically valid.

28

Author scores were calculated as the number of citations received, divided by their
years of research activity.
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Table 37. Top-cited articles by first author affiliation

The 99 most cited zoo research articles were cited 3,748 times in 486 journals. Over
40% of all citations appeared in only 10 journals (see Table 38; see Appendix M for a
complete listing). Between two and seven highly cited articles were published every
year from 1973 to 1999, in a regular pattern. Despite this, citations to these articles
were highly irregular, peaking in the mid-1980s and declining thereafter (see Figure
39).

Figure 40. Citations to highly cited zoo articles.
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Table 38. Top 10 citing journals of highly cited articles

Journal Impact Factor
Web of Science defines the journal impact factor as
a measure of the frequency with which the 'average article' in a journal has been
cited in a particular year. The impact factor will help you evaluate a journal's
relative importance, especially when you compare it to others in the same field.
Specifically, ISI's Journal Impact Factor is calculated by dividing the number of
citations received by a journal over the previous two years by the number of articles
published during the same period. In 2001, Zoo Biology ranked 93 rd in terms of impact
out of 100 zoology journals, receiving 26 cites for 84 articles (see Appendix N for a
complete listing). Furthermore, it had no citations in 2001 to articles published in that
year, giving it an immediacy factor of zero. Behavior journals in zoology tended to
have much higher rankings than other zoology journals (score above 2), e.g.,
Behavioral Ecology & Sociobiology (2.353); Behavioral Ecology (2.424).
The top 20 zoo research journals, as ranked by ISI's 2001 Journal Impact Factor, are
shown in Table 39. Out of a core set of 65 journals with 10 or more zoo research
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articles since 1973, Zoo Biology and Journal of Zoo & Wildlife Medicine ranked 62nd
and 63rd, respectively. They have been added to the table for comparative purposes.
To measure the impact of articles from each journal on the wider scientific
community, the number of zoo research articles in each was multiplied by the 2001
Journal Impact Factor (see Table 40). (Journal impact scores vary by year, so ideally
scores would have been calculated using the Journal Impact Factor for the year of each
article's publication). Because Science (Journal Impact Factor 23.329) was ranked 10
times higher than American Zoologist (2.556), the 25 articles appearing there were
"worth" 10 times that of the 22 published in the lower-ranking journal, i.e., they had a
much greater chance of being read and cited. In fact, four of the 10 top most-cited zoo
articles were published in journals with high Journal Impact Factors, namely one in
Nature, two in Science, and one in Biology of Reproduction, ranked 1st, 2nd, and 7th
respectively (seen Table 39; see Appendix L for list of top cited papers). At the other
end of the scale, the 46% of articles that appeared in Zoo Biology (0.310) and Journal
of Zoo & Wildlife Medicine (0.283) had a combined impact that was about half that of
the 1% of articles published in Science.

Web of Science Analysis Tool
Web of Science's analysis tool provided a crude measure of the impact of zoo-based
research on the wider scientific community. The citations to the publications for a
particular author, for the period 1973 to September 2004 were analyzed (this allowed
papers published in 2001 to accumulate citations for nearly three years). The citations
to all articles by each of the top-ranked 51 authors were broken down by date, journal,
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and subject area, and then combined for each of the three categories. The default setting
in Web of Science ignored single citations to a paper (presumably because the vast
majority of these were self-citations), and was left in place.
Citations to the top 51 participants covered 159 ISI subject fields. The breadth of
coverage was large; for example, zoology only accounted for 16% of citations (see
Table 41). The degree of citedness of the 51 authors varied tremendously, from 60 to
3,165 citations per journal. The authors were cited 37,833 times in 1,271 peer-reviewed
journals, for an average of 30 citations per journal over 30 years. The high number of
citing journals for only 51 authors was an indication of the widely scattered impact of
top zoo research.
Each zoo's impact on the wider scientific community was measured by extracting
institutional names from the author affiliation field of highly cited articles, and then
ranking the institutions by the number of articles their staff authored. The contribution
of secondary authors to the article's content, or the effect of a certain author's reputation
on the article's success, was impossible to ascertain. Fortunately, a significant
percentage of highly cited articles were sole authored, had no outside authors, or listed
the zoo-based author first (13 of 30, or 43%). Author rank and affiliation did not appear
to have any effect on article impact, as the same institutions appeared for both primary
and secondary zoo authors. The three highly productive zoos (National, Bronx, and San
Diego), plus Brookfield Zoo were the only four zoos represented in the 30 most highly
cited articles (see Table 42 for details on top ten cited articles).
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Table 39. Top Zoo Journals by Journal Impact Factor
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Table 40. Impact of articles from top 20 zoo journals

Table 41. Distribution of c itations by subject
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Table 42. Impact of zoo research

Second Generation Citations
A cursory review of total citations to zoo research was undertaken. Articles that
cited the 10 most cited zoo research articles were pulled from Web of Science (1,112
citations). For each of the 10 cited articles, citations were separated into those with a
zoo-based first author, and those with an outsider as first author. Next, articles with an
outside primary author were checked for any secondary authors with a zoo affiliation.
Two of the 10 most cited zoo articles received no citations from zoo-authored papers,
and seven articles received the vast majority of their citations from articles authored
principally by non-zoo researchers (see Table 43). Only one highly cited article was
cited mainly by other zoo researchers. This indicated that at least the top zoo research
articles were reaching a much wider scientific audience.
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Table 43. Citing Author Affiliation (10 Most Highly Cited Articles)

Other Impact Measures
Another measure of outside impact is the number of zoo articles published in
interdisciplinary journals. According to Web of Science, 18 zoo research articles
appeared in Nature, 25 in Science, 2 in Scientific American, and 1 in New Scientist
during the period 1973 to 2001. Bronx Zoo/WCS's bibliography provided an additional
44 entries between 1922 and 1969, plus 11 citations for the period 1973 to 2001 that
were not indexed in Web of Science. Thus, four top-ranked multidisciplinary science
journals published at least 102 articles authored or co-authored by zoo personnel during
the 20 th century.
When individual ISI results sets by institution were combined, 4 duplicate and 147
triplicate entries were detected. These served as a crude measure of research
cooperation between zoos, namely that it is very low. By way of comparison, 72% of
sample articles (516) were the results of collaborative efforts with outside partners, of
which 81% were universities or colleges. Finally, a search for the keyword "zoo"
anywhere in the Web of Science records for this period, while excluding the word "zoo"
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in the author affiliation field, revealed 82 records with no zoo-based authors. This
provided some indication of the number of independent outsiders who successfully
terminated a zoo research project during the previous three decades.

Interviews
In order to ensure interviewee anonymity, participants were identified by profession
and then by consecutive numbers, e.g., veterinarian 1, keeper 4. This approach solved a
methodological dilemma, namely that seven interviewees had exercised more than one
profession. Each statement was categorized by the professional viewpoint adopted by
the interviewee. Thus, although 30 people were interviewed, and the remarks of
participants at several conference sessions were taped, the total number of identified
participants is higher. The choice of interviewees was biased towards those who
participated in the 2003 AZA and AAZK annual conferences, two highly motivated
subgroups within the zoo community.
This was an exploratory study, so interviews began with an open-ended question to
interviewees to describe why and how they entered the zoo field (similar to Foley &
Faircloth, 2003, p. 170). Their response often took 20 minutes, but provided invaluable
background information for subsequent questions, as well as relaxing respondents.
Interviews were tape-recorded and then transcribed. Important themes within each
interview were identified and comments that best reflected these themes were
highlighted. Highlighted segments identified by interviewee were then collated into a
master document, which was edited down to reoccurring themes. All geographic,
institutional, and personal names were removed. As the final document was 80 pages
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long, it has not been included as an appendix, but is available upon request. The salient
points are presented in this section, with appropriate references to the literature and to
the bibliometric part of this study.
Choice of Zoo Career/Collaboration
Many zoo personnel felt an early calling to the zoo profession or to animals (keeper
1, keeper 4, curators 1, 2, 3 and 7, veterinarian 2, research assistant, researcher 1,
professor 1, outside researcher 2). Media influences such as Zoo Parade (1950s TV
program), National Geographic (1960s), the British TV series about veterinarian James
Herriot (1970s), and the Discovery Channel also played a formative role during
childhood and adolescence. Several grew up on farms (keeper 6, researcher 1), or
hunted or fished with their families (curator 7, outside researcher 2, researcher 1).
Others were children of zoo workers or visited their local zoo nearly on a daily basis
(keeper 4, keeper 8, curator 5, curator 6). As noted in the literature, keepers hired in the
1970s were considered manual laborers, and frequently were farmhands or veterans
(keeper 6). Both veterinarians and researchers reported being strongly discouraged by
their academic mentors from entering the zoo community (veterina rian 2, researcher 1,
professor 1). Researchers often began their careers in academia, but moved to zoos after
becoming disillusioned or bored (researchers 1, 2, 3, 4, and 5, curator 3). Some saw zoo
research as both intellectually challenging and serving a higher purpose, namely species
conservation (researchers 4 and 5). Ethics and altruism played an important role for
many in their choice of career, e.g., the issue of animal welfare was of concern.
Of course, I didn't want to work just killing animals and harvesting their spleen
cells or whatever… I have definitely gone away from the sperm and egg work and
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towards the completely non- invasive fecal hormone monitoring, because I do not
like invasive work. (research assistant)
Academic Connections
Zoos and universities have had a stormy relationship over the decades (e.g.,
Crowcroft, 1978; Hardy, 1992, 1996), each seeing the other as a source of additional
resources in times of budget cuts (curator 4, outside researcher 2). Nevertheless, their
research goals remain very different (curator 7, researcher 6, outside researcher 1,
outside researcher 2). Few zoo employees have Ph.D. degrees, and even fewer have
experience with the tenure process (researcher 6). Moreover, big science has moved
away from zoology and whole organism studies in favor of molecular biology.
Concepts and skill sets that are vital to zoos, such as speciation and taxonomy, are no
longer being taught at universities (keeper 7, researcher 5, Jones, 2003, p. 57).
Within the zoo community, there are various perceptions of academics. Some see
them as insensitive to the daily routines of zoos (researcher 4, curator 4). Others see
them as inexperienced in dealing with live animals (curator 7). Others choose outside
collaborators carefully.
There are characteristics in the [outside] people that you'd like to work with… I
don't want someone who's going to ooh and aah, I don't want somebody who wants
to bring their kids and their camera. I want somebody that can think more
broadly…I want somebody who can think outside the box. (veterinarian 2)
Interviewees confirmed findings from the literature that outside researchers working
in zoos faced considerable hurdles. Zoo administrators often balked at relinquishing
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data and their interpretation to highly trained scientists for publication. Rather, they
preferred to control how data were collected and used.
A danger is if you have a research department and you're overseeing the research,
you don't necessarily want outside researchers to come and do all this research you
don't have any control of, you can't control how the data is collected, you can't
control how it's published...It is an effort, and it costs money to be able to facilitate
a lot of this research. So if you're going to go to those lengths you need to have
some control over what is produced and how it's produced. (keeper 2)
This approach was necessarily incompatible with the scientific ethos of most
academic researchers, and usually led to misunderstanding and friction. Three barriers
to outside researchers working in zoos were identified, namely linguistic (academics
and zoo personnel did not share common terminology), administrative (access to
animals and facilities could not be guaranteed), and logistic (geographic distances
greater than one hour's drive were daunting) (curators 3 and 7, AZA presenter 3).
It's frustrating, I submitted a proposal and it takes nine months to get reviewed for a
research project. Once it's approved, you're driving an hour to do research, and find
out, "Oh, sorry, the bear's not on exhibit today." I think I'm close enough to the
ground to see that most stuff in zoos are run like a poorly-run business. (outside
researcher 2)
Not surprisingly, zoos were seen as a last resort for another university researcher,
who preferred wild collection of specimens, negotiating access to research animals at
other universities, or purchasing research animals. When faced with onerous logistics
for one zoo-based project, the researcher chose to abandon it (outside researcher 1).
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A recurring theme was the lack of overlap in research interests between zoos and
academic institutions (curators 3 and 7). Academics with tenure could study zoo
animals if they chose, but received no encouragement from their milieu and were
required to make their own logistical arrangements. As a result, academics involved in
zoo research tended to be motivated by altruistic motives.
[Outside researchers] are professionally in a sense making a sacrifice to divert some
of the time to the conservation work...They're stepping away from what they
became famous for and what the university's excited about to do what they might
consider "service work"… because they consider it very important… So, they're
treading water but they're already so high up that they're not worried. (researcher 4)
The absence of career rewards would appear to account for the short average
duration of outside researchers in zoo settings (see "Participant Longevity," p. 118).
Savvy zoo researchers used their academic connections to obtain grants. The
reverse was also true – zoos without an academic connection could be penalized in
grant applications (researchers 2 and 4, outside researcher 1). Others saw the
university-zoo relationship as the only means of legitimizing zoo-based research, and
therefore encouraged collaboration with outside researchers. In particular, the new
generation of students and keepers graduating from zoo-oriented academic programs
inspired hope for change (researcher 4, keeper 9).
There is… very much an awareness among the established people in the field that
the vitality of the field will come from the new kids coming up… The old guard out
there in academia never gave much credence to applied work and they're not going
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to be the ones doing the creative work, it's going to be the kids coming out of grad
school now. (researcher 4)
Keeper resistance to outside researchers appeared to be decreasing as college
educated graduates become the majority (keepers 2 and 9). At the researcher and
curatorial level, zoo research was seen as increasingly interdependent on other zoos and
partner institutions (editor 3, researchers 3 and 5, curator 1). One zoo leader was keenly
aware of the need to create "a receiving environment that was positive for research,"
with appropriate infrastructure (director 2).
Professional Conflicts
While conflicts between different zoos were not included as one of the interview
questions, this subject arose spontaneously in most respondents' descriptions of their
milieu, supporting the literature (LaRue, 1992; Jones, 2003; Fowler, 1999). Conflicts
were numerous and involved every professional category. The labor/management
division at zoos, especially unionized ones, often translated into curator-keeper disputes
when keeper input was ignored or rejected (AAZA representative, keepers 1, 3, and 8,
curator 7, researcher 3, director 2). Keepers' emotional attachment to individual animals
interfered with the management of the species' population as a whole (keeper 7).
Tensions between veterinarians and animal care staff were often due to differing
professional views about the place of emotions in the zoo setting. The lack of
professional certification also created problems, as only veterinarians are currently
subjected to external accreditation standards.
A curator has a degree in what? I don't know. What's the requirement? What do you
have to do to pass your curator's license? Guess what, there isn't a curator's license.
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Veterinarians have to go to a school that meets a certain set of standards and be
licensed to practice veterinary medicine, so there is a bottom line there.
(veterinarian 2)
Researchers mentioned poor communication with management (i.e., curators and
administrators) as an irritant (AZA presenter 2, researchers 5 and 6).
Labor/management tensions also affected researchers' ability to function in the zoo
environment (researchers 7 and 14, outside researcher 2). One interviewee provided an
example of keeper-researcher tensions during a meeting.
[Keepers] were ready to go to blows [with behavioral researchers]...[The
researchers] were on their best behavior, mellow, accommodating.… It was
interesting to see the power play, the struggle for control. Who's going to do what?
OK, they're going to teach us how to train. Are we going to teach them how to
clean? Are we going to clean while they're training? They get to do all the glamour
stuff, we get to do all the grunt stuff?… They're worried about us buying into their
system, and if we don't buy into their system, sabotaging it somehow. (keeper 6)
Formerly, keepers' contribution to research was limited to manual labor and
anecdotal evidence (particularly behavioral). Before the professionalization of the
keeper workforce, they were not expected to understand research goals and were often
not informed of research results. New-style keepers followed research with interest
(keeper 6, researcher 9), but questioned the value of measuring scientifically what was
already known informally (keeper 9). Managers at some zoos were reluctant to allow
keepers to perform their own research (AAZK representative, curator 3, researcher 3).
Researchers had to overcome keeper resistance and fears.
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There's a couple of [keeper] areas that still seem to think it's all voodoo. I'm
working on them. This has been a new experience because I've had to make the
keepers accept this research lab and understand what it all means. (research
assistant)
Communication problems were frequently mentioned. Professionalization of both
curatorial and keeper ranks has not eradicated information hoarding (keeper 1, Jones,
2003, pp. 26, 28), perhaps due to the lack of monetary, professional or social rewards
for cooperation and information sharing (keepers 1 and 7). Even the fact that both
veterinarians and researchers held doctoral degrees was no guarantor of
interprofessional harmony.
Where I get upset is where a vet or physician starts making statements or trying to
guide thinking about issues that are effectively population- level issues. Because to
understand a population and to understand how evolution works takes training that
is no less specific than the training you would take to maintain a healthy person or
an animal. (researcher 1)
Some positive experiences with interprofessional cooperation were also mentioned.
Certainly when we deal with vet services, it's a two-way street. They're real good
about that. They will take our advice, and we come to a conclusion together.
(keeper 6)
Also, research staff with prior non-zoo experience saw zoos as less competitive than
other research environments (researchers 3 and 4).
That's one of the things I really loved when I started working in this field, the way
instead of, "No, it's my data, you can't have it," that kind of attitude which you see
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more in the human field [where] nobody wants to share their data, and it's more a
selfish field, [in zoos] everybody's so willing to share data (research assistant).
There was mistrust within the keeper ranks of those who embraced research,
especially if they reduced their workload to accommodate it (keeper 8, researcher 14,
AZA representative 2). Even keepers who considered themselves scientifically oriented
consciously distanced themselves from curators (keepers 1 and 7). Keepers engaged in
research reported at best a neutral response from fellow workers and managers (keepers
4 and 7), although some managed to form keeper research teams (keeper 2). While a
bachelor's degree is now the norm, those with master's degrees were often seen as overqualified by fellow keepers, and unlikely to stay long in the profession (keepers 6, 8,
and 9). As one respondent put it, "I count experience for a lot. If somebody's got four
years of experience, that's much better than somebody coming out of college with a
four-year degree" (keeper 9).
The professionalization of zoo personnel over the past 30 years has not erased
disparities between keepers and other professionals, nor between keepers at different
institutions. Because the literature was largely silent about keepers, the interviews were
the chief source of data on changes. The profile of the modern keeper that emerged
showed that only 10% of potential members joined AAZK. The typical AAZK member
was young, from a small zoo, and a college graduate. While the majority of
interviewees agreed that the general educational level of keepers had increased over
recent decades, several questioned whether educational standards had changed, and if
so, whether the changes had in fact been beneficial (keepers 1, 3, and 9, curator 3,
researcher 1).
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The professionalization of the keeper workforce may have complicated things, I'm
not sure that it has improved it. I have not seen any evidence from the new people
coming in with a bachelor's degree having actual practice, experience with animals.
(curator 3)
Everybody got complacent when the professionalization got to the point where most
zoos had keepers with bachelor's degrees. Everybody thought, "Hey, we're there
now. We don't just have farmhands anymore. We're good." And they didn't realize,
it's a lot more complex than this now. (keeper 3)
By and large, keepers' role in research was viewed positively by keepers and
researchers (AAZK representative, keepers 6 and 9, researchers 1, 3, 6, 9, and 14).
Curators were split into those who thought keepers' role in research could be expanded,
and those who believed that keepers' primary tasks did not include research (curators 1
and 3). This may be a generational shift.
Support and mentorship for keeper-directed research was almost exclusively
external to the keepers' immediate environment, i.e., AZA Taxon Advisory Groups,
AAZK, university contacts, contacts at partner institutions (museums, NGOs,
government agencies) (keepers 1, 2, and 8). Columbus Zoo actively advertised its grant
program for keeper research at the 2004 AAZK conference. No other keeper-specific
programs were uncovered.
Inhouse researchers were the youngest professional group, historically speaking
(most joined zoos during the 1980s or later). Many explicitly valued keeper input, a fact
noted by some keepers (researchers 1, 3, and 6, keepers 2 and 6).

190

I think as a whole we keep involved in what [the researchers'] conclusions were. I
don't think there's any animosity [between researchers and keepers]. There's input
from our point in the beginning. We helped developed the study, we helped develop
the ethogram, they follow through with it, carry it out, and then when they're
through they explain what they did. They try to keep it at our level. (keeper 6)
Despite the gains of recent years, many keepers felt isolated and unsupported,
leading to feelings of frustration (keepers 1, 3, and 7). A common refrain was that the
satisfaction derived from research is personal, not career-related (keepers 1, 3, 7, 8, and
9).
I'm just doing [research] because it's something different...I mean, there's nothing at
work to challenge me. I was getting bored...I just decided to do that [research] to
add something, like a challenge. My curator was somewhat supportive … I had to
go buy everything that I needed...They offered nothing. (keeper 1)
Some keepers mentioned that their curators claimed authorship of their research,
despite contributing nothing to the study (keepers 1 and 9). One keeper mentored a
junior keeper for his master's degree research because "the curators blew him off"
(keeper 3). One of the challenges for keepers and their managers was how to keep the
job exciting over time. The keeper's satisfaction level appeared to be directly related to
time spent with the animals, i.e., to the strength of their emotional bond with the
animals.
The narrowness of the academic approach made some keepers uncomfortable. In
addition, research occupied only a tiny fraction of their daily routines.
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The behaviorists have an idea of how to condition animals, and it doesn't matter if
it's a killer whale or an okapi or a shrew, they have a certain system of teaching it
what they want it to do. I have a little conflict with that just because I don't think
everything is cookie cutter. You've got to have a little flexibility. (keeper 6)
You gotta remember, research is just one aspect of what's been added. When I look
at my job, there's a lot of things that I definitely have to do that day, which is clean
all the pools, clean all the exhibits, feed the animals, give out medications, perform
observations, things like that. Those are things that ha ve to done every day and they
have to be done well. And once those things are done… there's the enrichment,
there's training, there's research, there's our education programs that keepers do,
there might be conservation… there's organizations that we're all involved in, like
AAZK, there's keepers doing studbooks, population management plans. There's not
a whole lot of extra time in the day to do all those things. (keeper 8)
Supervisors and researchers working with keepers pushed them for more
cooperation in the scientific process (research assistant, researchers 9 and 14). Two
radically different management approaches to keeper research training were uncovered.
The more common was that of the college-educated keeper adapting to a mainly bluecollar job.
In zoos, there's such competition to get these jobs, and people get the jobs and then,
"Why the heck have I been planning 3 years of college to get this sh**?" [Keepers]
have to stop being interested in the animals [to do their jobs]. For that one hour of
interaction they get during the day, they have to do the chopping and shoveling and
everything else all day long, and hear from bosses that have no idea what's going
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on, but are telling them how to do something specific to that animal, and doesn't
care what they think. (outside researcher 2)
The exceptional approach was that of the keeper as an entry-level position possibly
leading to a management position, given the talent and ambition.
Here's I want in a keeper. I want a keeper who's highly-educated, who's computerliterate, and doesn't want to shovel sh** all day. I want a keeper who doesn't want
to be a keeper forever. I want a keeper who's willing to move and is upwardly
mobile, who wants to be curator. There is space [for keepers to become curators] if
they will emigrate… If we force our workforce to be literate, and computer-literate,
and we require them to work with the public, we'll have better zoos and we'll have
better keepers. (director 2)
Outsiders mentored many zoo personnel, rather than fellow zoo staff (keepers 4 and
8, curator 3, researcher 6, professor 2), e.g., "The people that have actively helped me
have come from school and from AAZK" (keeper 8); "I do have a lot of contacts with
the [name] Museum… Anything I wanted from those guys, I'd just call, go over, talk to
them" (keeper 4). Geographic proximity was a crucial factor in creating successful
partnerships with outside organizations (curator 7, director 2, outside researchers 1 and
2). However, few zoo staff participated in non-zoo conferenc es due to time and cost
constraints (curator 4, researchers 2 and 3).
Surprisingly, the increased professionalization of keepers was accompanied by a
decreasing interest by keepers in publishing. This generational shift was attributed to a
shift in university instruction away from whole organism biology toward microbiology,
as well as to a shift in the disciplinary background of new keeper recruits from
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conservation to animal science (keeper 7, researcher 5). Young zoo professionals "are
not learning very much about animal identification...There doesn't seem to be anyone
teaching that at all. It's a real problem for people doing studbooks" (Jones, 2003, p. 57).
Regardless of discipline, there was a consensus that an undergraduate degree did not
confer sufficient knowledge of even the most basic research skills (keepers 1, 6, and 7,
researchers 1 and 5).
Communicating Research Results
During the 1960s, only zoo staff with Ph.D.s or highly motivated curators with
specific expertise published articles. During the 1970s, however, many curators were
publishing and presenting (curators 3 and 6). Keepers were publishing research papers
in the 1980s (keepers 6 and 7, veterinarian 1, director 1, researcher 4). Peer-reviewed
articles written by zoo researchers with advanced degrees were generally well accepted
by journal editors and reviewers (director 1, researchers 2, 3, 4, and 5). However, some
anti-zoo bias was detected in journal rejections of zoo-based submissions (keeper 7,
curator 3, researcher 5).
Two keepers and a graduate student reported rejections from peer-reviewed
journals, while many keepers and one curator were uncomfortable with writing papers
(keepers 4, 6, 7, and 11, curator 4, researchers 3 and 5, outside researcher1).
You can work your entire life as a zookeeper and never be involved in a single
scientific project, and still be a well- regarded, well- respected zookeeper…
Zookeepers are not expected to do research. Because of the mentality of young kids
nowadays, because of the way the mentality has changed, I really don't think that
there are very many keepers that are even interested in doing research. (keeper 7)
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[Reading reviewer's remarks] "These reports of behavior in a zoo seem
inappropriate for [journal]. They do not add anything to a particula r issue or
controversy because they are made in captivity. I do feel they should be published
but in a zoo journal or a lesser [taxon] journal. The authors start out with their foot
in their mouth by using an incorrect definition of helping behavior. They should
consult a standard review and get it right." …It's like they got partway and threw up
their hands. I think affiliation was the main deciding point, I didn't have a Ph.D. Are
they rejecting it because it's a zoo study or because I'm a nobody or because they
didn't like study's approach? It turned me off [journal] entirely. (keeper 3)
Examples of successful publication by keepers were rare. Two interviewees stressed
the importance of mentoring for keepers entering the scholarly publishing arena.
I don't think there's any reason that, with training, an animal keeper could not write
a scientific paper… They need to have mentoring, they need to have people that
will believe in them and people who will support them and teach them...You've got
to give people the tools to do what they need to do. (curator 6)
[Keepers] have the ideas, and the function of the people who've been through the
educational system is to polish the ideas so that other people will realize just how
wonderful these ideas are. (researcher 3)
Low-status journals were more lenient in accepting manuscripts. Zoo Biology in
particular was willing to accept work with stylistic or methodological problems, if the
information presented was rare or valuable.
Almost every paper represents an investigation in an area that may never have been
published in any way, certainly not in the way it's presented. We're dealing with
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2000 different species, and 10,000 questions that you could tie to these 2000
species, so you can see the potential. So I think more than other scientific journals
I'm willing to go to the mat and try to get some of the salvageable ones up to speed.
(editor of Zoo Biology)
The role of Zoo Biology in publishing zoo research elicited a variety of reactions
from interviewees. Some maintained that it was biased towards authors with Ph.D.s
(keepers 3 and 9), one claimed it was biased towards large zoos (outside researcher 2),
while others claimed it had a primate bias (keepers 3 and 7, outside researcher 2). Two
mentioned that its low status among zoology journals (curator 3, researcher 4; see
Journal Impact Factor above and Appendix M). None questioned its legitimacy and
role in the zoo research community. Surprisingly, Zoo Biology was also seen as biased
against applied research (keeper 3, outside researcher 2).
Some interviewees reported publication barriers related to institutional affiliation
and methodology (curator 3, veterinarian 2, researcher 2). Perhaps the greatest obstacle
faced by zoo authors was the lack of interest in their subject matter by journal editors
and, by extension, the wider scientific community (keepers 6 and 7). One researcher
commented, "It seems like there's a lot of behavioral research that does go on in zoos,
but little of it has any tie- in to academia and therefore it's going to be less likely to get
published" (researcher 10; also outside researcher 2), while another pointed to "a
growing gulf" between mainstream journals and zoo research (researcher 5).
One of the barriers to publishing articles faced by keepers and curators was their
lack of familiarity with the scholarly publication process. These skills are not taught at
the undergraduate level, but can be learned through ad hoc mentoring by colleagues
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(keeper 3, research assistant). Even those with Master's degrees found that mentoring
speeded up their initiation into peer-reviewed publishing (curators 3 and 6).
Without [name], I would probably have had more difficulty. It has to do with the
lingo and the word structure. I have no doubt that I would have been published, but
it would have required more steps. (curator 3)
Non-Ph.D. staff appeared to attach more emotional importance to successful
publication than researchers.
I had two other co-authors, … and they really walked me through it a lot. It was a
new experience for me, and it was really good for me. And it felt really good having
a primary authorship. (research assistant)
Poor writing skills were consistently mentioned as a major obstacle (keeper 3,
curator 3, researchers 3 and 5). Methodology was viewed as a very weak area
(researchers 1 and 7). Keepers, curators, and veterinarians preferred to publish grey
literature and conference papers, rather than scholarly articles (keepers 3 and 8, curator
4, veterinarian 2).
I was doing "small science." I really wasn't going for any of the big-shot refereed
journals. [I published in] International Zoo Yearbook. Why? Because it got to the
audience. If somebody said, Why don't you publish in Journal of Mammalogy?, [it
was] because a lot of zoo people don't read tha t. I wanted it to get to the people who
were going to read. I wasn't so conscious that, "Oh I have to publish in Journal of
Mammalogy, or I won't be respected." (keeper 3
As an animal manager, I find the Animal Keepers Forum more useful [than
scientific jo urnals] because it has relevant information to what I'm looking for… I
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don't think zoo literature shows up in academic journals, I really don't… I've given
presentations at AZA Regionals and Nationals. I prefer presentations to writing
articles. (curator 4)
A zoo affiliation was, at best, neutral in terms of acceptance in the wider scientific
community; at worst, it diminished publication and grant opportunities. Zoo research
had been accepted by many applied journals in ecology and zoology up until the 1990s,
but the founding of Zoo Biology may have had the unintended effect of allowing editors
of related journals, such as the Journal of Mammalogy, to narrow their scope to
academic-based research only (keepers 6 and 7). There was a consensus that Zoo
Biology was not sufficient as a publication outlet for American zoo research.
Tacit Knowledge
Zookeeping consists almost entirely of tacit knowledge. A few training manuals and
husbandry manuals exist, but institutional routines and approaches vary enormously. It
requires several years to integrate high-level keeper skills (keepers 4, 6, and 9, curator
6, AZA representative). In practice, a keeper starting in a new institution must learn or
relearn the job from peers, supervisors, and trial-and-error.
I think it should be [learned] the hard way. The experience you're going to get on
your own. You can show them as much as a person will understand or want to do
[but] you can't teach them everything. (keeper 4)
At that point you actually can walk by an exhibit and look in, and for no specific
reason see that an animal is off. And you don't get that at three months, at six
months, you get that at three to five years. (AZA representative)
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In an apparent contradiction to earlier quotations about the importance of hands-on
animal experience, two interviewees confirmed that previously untrained keepers were
preferred "because they can be trained.on the way of the zoo. It's still true" (keeper 1;
also curator 6, AZA representative). This approach was similar to that described for
quartermaster training (Lave & Wenger, 1991, p. 73). At the other end of the
continuum, an intensive one-week keeper course was recently conceived by AZA and
AAZK specifically to combat ad hoc apprenticeship training.
The reaction locally [to standardized keeper training is] "It's just too much trouble
to have anybody else teach them this routine, and then have us retrain them in our
way." That's exactly the reason for the course. There is no standard for what a
keeper is, none. (AZA representative)
The vast majority of zoo lore, including all professional levels, was tacit, although
that was changing. Keeping notes was becoming more common for keepers (keeper 9).
There were concerns that the emphasis on book-based learning had caused the loss of
valuable skills and tacit knowledge, and also that the knowledge base was not
cumulative because it was oral (keepers 1, 6, 7, and 9):
Mentorship and apprenticeship, they no longer exist as we knew them until the end
of the 1970s… There are certain things that cannot be transferred by the print
medium alone; you just have to jump in and do it yourself under a senior person's
coaching… In that situation the oral transmission serves as supplemental, so does
the print medium… [Apprenticeship] ceased to exist about a quarter of a century
ago. Much of the hands-on has been lost. (K. Kawata, personal communication,
January 4, 2006)
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[My research] stayed right here in my noggin, it didn't go anywhere. My bosses
probably would be interested, and they would probably be happy that I did
[publish], and proud of the fact that we went to those levels. Very interesting how
that information ended up going nowhere. It helped me develop my conclusion but I
didn't share it, either. I mean, it was valuable information that other institutions
could have some day found valuable. (keeper 6)
Keepers' knowledge is passed on verbally from generation to generation but it is not
passed along in any written way… Learning about those specific animals is totally
on-the-job kind of training… So you had your educational background, is one
source of knowledge; you had the specific day to day management kind of
information that you could acquire from the old -timers who were already there; and
then you had what you learned specifically about your animals by your own
personal research. (keeper 7)
Keepers continued to view "animal sense" as an invaluable personal attribute, as do
many other zoo professionals (keepers 6, 7, and 8, researcher 3). As one researcher put
it, "I can stand outside an enclosure ...for hundreds of hours, and I have, and I still don't
have the insights that a good intuitive keeper has by working with an animal"
(researcher 9).
Zoo veterinarians were gradually moving toward a more explicit knowledge base,
but retained a strong emphasis on oral transmission.
I feel obliged to do [oral presentations] to make sure that it doesn't die when I retire.
They do [need what's in my head], they just don't know it… The idea that zoo
medicine is something you get into when you feel comfortable flying by the seat of
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your pants [is disappearing], there is board certification now in zoo medicine… The
culture level of "That animal looks like I should be able to do this," it's going away.
(veterinarian 2)
One effect of increasing educational levels was a belittlement of folkloric
knowledge by younger keepers. This might be attributable to the disappearing formal
apprenticeship model.
I'm dealing now with a lot of younger folks who… don't tend to recognize in their
older colleagues the value of the exp erience they have, not for what did come up
but for what might come up. (researcher 1)
By contrast, European keepers benefited from an extensive keeper apprenticeship
program with coursework in addition to on-the-job training (Jones, 2003, p. 35).
Tacit k nowledge bases were vulnerable to both information hoarding by personnel
and to communication barriers between professional groups (researcher 3).
And thing is, a lot of the institutions wouldn't give up the information [on species].
They're holding it tight...They're working on something to publish it and they don't
want to give it up. (keeper 1)
Some [keepers] have the opinion also, that "information is basically my lifeline.
The information that I have is my job security." There's that philosophy too. "I
know everything about these animals, you can't get rid of me." …How do you make
somebody talk? … If they're not willing to do that, … the [new keepers] are going
to have to figure things out the hard way. (keeper 6)
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Emotional Attachment
Most interviewees acknowledged the importance of an emotional link with zoo
animals: "For anybody who's been in the business, [keepers] may be rough on the
outside but inside they're true animal lovers" (keeper 6); "I still believe that touching
animals affects feelings" (researcher 1). Researchers, however, consciously controlled
the place emotions played in their work.
You can be emotional and still be animal-centric. It has to do with how carefully
you observe and how many preconceptions you come in with, or how willing you
are to let go of your preconceptions, because everybody comes in with
preconceptions. (researcher 3)
From the keeper's perspective, research satisfied not only their curiosity, but also
their desire to improve the lives of individual animals in their care (keeper 4). The
value of this emotional attachment for the public's image of the zoo as a caring
institution was also mentioned (keeper 2).
At the administrative level, an emotional attachment to zoo animals was viewed
negatively. "I don't want keepers that love animals more than they love people. If they
love animals more than they love people, they're going to be lousy representatives to
the public" (director 2). Similarly, one university zoo program deliberately screened out
"bunny huggers" (professor 1). Finally, one curator called emotional attachment
an insidious, yet volatile quicksand. It’s mostly a product of the mammalo -centric
mind that blocks out intellectuality. The venom of emotionalism causes workplace
problems (I’ve had too many difficulties with keepers, volunteers and the public).
This is not to deny or suppress human feelings and emotions… Remember, you can
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have passion WITHOUT intense emotional attachment to individual animals
(mostly mammals). Respect, altruism and passion, yes, but no Bambi syndrome,
please. (K. Kawata, personal communication, January 4, 2006)
Perceptions of Zoos
As noted in the literature, zoos have not succeeded in convincing either the public
or the academic world that they are good places in which to conduct experiments
(Mazur & Clark, 2002; Hediger, 1969; Maple & Archibald, 1993; Veltre, 1996; Hyson,
1999; Hoage & Deiss, 1996; Snyder, 1995). Animal rights groups, in particular,
threaten zoos' image as scientific institutions. A typical characterization was, "Zoos are
conservation, education and entertainment all at once" (researcher 3). Zoos were seen
by university based researchers as less attractive than fieldwork projects or laboratory
projects (director 2, outside researcher 2).
One of the results of the poor perception of zoos by outside scientists was reduced
access to funding, leading one interviewee to comment, "It would be impossible [to
start a zoo research institute today]. The financial constraints are getting greater and
greater and the public acceptance of doing research on animals is lessening
significantly (researcher 5). Granting agencies and the academic reviewers they rely on
were skeptical about zoos as scientific organizations (researchers 3 and 4, director 2,
outside researcher 2, professor 1). The National Science Foundation placed zoos in the
same category as two- year junior colleges (NSF representative; see Appendix O for
history of NSF awards to zoos).
[Academics] don't think of zoos as places where good research goes on… If [the
granting agencies] send [a grant application] out to eight people and one or two of
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them downgrade because it's not at a university, that will kill the chance of it being
funded. (researcher 4)

Findings
In response to the first research question from Chapter 3 ("What effect has the
recent professionalization of American zoo staff had on publication practices within
zoos?"), the recent professionalization of U.S. zoo staff had not led to major changes in
how zoo research is conducted. Keepers remained marginalized, or were excluded from
the research process. The lack of authorship status meant that most of their
contributions could only be surmised via acknowledgements in published papers.
Capturing this data was tedious, especially as acknowledgements statements rarely
provided the professional status and education of those acknowledged. Curators and
veterinarians still lacked the time, and often the motivation, to publish research results.
The AZA annual publications list and the various professional zoo conferences ( AZA,
AAZK, AAZV, etc.) were useful sources for measuring the extent of zoo-based
research. Professionalization without mentoring (apprenticeship) was not sufficient to
effect lasting changes in the way zoo research is conducted.
In response to the second research question ("What are the current characteristics of
the subfield of zoo biology, and how do these compare to those of other emerging
disciplines?"), zoo biology held up well in comparison to other emerging scientific
fields. It boasted professors and curricula in universities and community colleges across
the U.S. (University of California-Davis, Cornell University, University of Chicago,
Santa Fe Community College, Michigan State University, Georgia Tech University,
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and Friends University, to name a few). Several of the universities had developed
complete academic curricula, and at least two offered a master's in zoo biology. A
discipline-specific journal (Zoo Biology), graduate students, and high staff mobility
between institutions were characteristics of emerging disciplines shared by zoo biology.
However, zoo biology also exhibited features common to peripheral sciences,
pseudo-sciences, and technical systems, namely a knowledge base that was firmly
rooted in apprenticeship and oral transmission, practitioners who preferred oral
presentations to writing papers, and an emphasis on products and processes, rather than
publications. Nonetheless, efforts to standardize veterinary, nutrition, scientific, and
keeper best practices were underway. The next 10 years will determine if zoos can
move from being an oral-based community to a paper-based one, or if they will
continue as hybrid organizations where explicit and tacit knowledge co-exist in an
uneasy alliance.
It is not clear whether the labor involved in gathering and collating
acknowledgements and grey literature was justified. No unique names from the list of
acknowledgees showed up in the list of top overall scorers (i.e., top acknowledgees
were also top authors or presenters), and the AZA listing added only 116 author names
to the final participant list (less than half of one percent of the total author population of
2,645). On the other hand, extracting author information from conference proceedings
added significant value to the process of identifying a core group of highly productive
individuals within the zoo community. While it is recommended that grey literature
sources be used in the future to provide a more balanced picture of individual and
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institutional contributions to zoo research, improvements in the extraction process need
to be found.
Because of the small number of active zoo-based researchers in North America, it is
likely that there is a very large group of outside researchers (in the order of 2,000
individuals) who have participated in only one collaborative zoo project. There did not
appear to be any systematic collaboration over time between zoo-based and outside
researchers. Trends in mainstream science towards hyperauthorship and increased
collaboration were confirmed for the zoo research community.
Female zoo participants had not achieved participation rates proportional to their
numbers. However, they were doing better than their academic counterparts. They were
also more likely than men to provide inspiration for research projects. Keepers
performed far fewer acknowledged research acts than the other professions. Either they
were not highly involved in research (or only a few of them are), or they were
"invisible" assistants whose contributions go largely unnoticed. The interviews
provided mixed responses on this point. More study is needed, such as a survey
instrument to determine the full workforce involvement in research, the extent of both
remunerated and non-remunerated zoo-based research, and the place of independent
research in zoos.

Summary of Results
The results presented here are largely descriptive, and are intended as an
exploratory study of how a small research community operates. The dearth of similar
bibliometric studies in the biological sciences makes comparisons with other research
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communities difficult. Consequently, these results do not provide any definitive
answers, but point instead to fruitful areas for further inquiry. In the short term, the
citations indexed by Web of Science hold up a mirror (however imperfect) that shows
how the outside world views zoos' scholarly contributions. In the longer term, the
methods presented here offer some basic tools to being improving the efficiency and
impact of zoo-based research (with the caveat that bibliometrics is a biased and
potentially misleading tool. Therefore, future bibliometric results need to be
corroborated with interviews or other broad based, anonymous feedback mechanisms.
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Chapter 5
Conclusions, Implications, Recommendations, and Summary

Introduction
This study demonstrated the tools and methodologies available to the zoo
community to monitor how the broader research community receives its research
efforts, and measured its effectiveness in sharing information among its members. It did
this by merging three bibliometric measures of zoo research that together provided a
unified portrait of its development over the past three decades. This portrait was then
enriched by details of the social workings of zoos gleaned from in-depth interviews
with zoo professionals.
The first step was to measure the zoo community's formal influence on the broader
scientific community through an analysis of peer-reviewed journal articles from 1973 to
2001 in Web of Science, an electronic index of scientific publications. The second step
was to add conference presentations from the same period to measure the degree of
informal research communication within the zoo community. Next, acknowledgements
from a representative sample of zoo research articles were mined to extract assistants'
names and types of services rendered. Lastly, these three bibliometric approaches were
enriched by personal accounts of zoo research from keepers, veterinarians, curators,
researchers, zoo directors, professors, and outside researchers. These four perspectives
combined to provide a detailed picture of zoo-based research in the United States and
Canada over the past three decades.
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Building on Cronin's extensive work on acknowledgements, this study contributed
to the existing body of work on citation analy sis through a case study of a small
research community. It also provided an in-depth study of tacit knowledge transfer in a
semi-scientific community, elucidating the social processes at work in a small
peripheral research community, and providing a glimpse into the life cycle of scientific
disciplines.

Conclusions
The hypothesis at the beginning of this paper stated, "Tacit knowledge about
captive exotic wildlife in American zoos, traditionally transmitted orally, is
increasingly being captured in peer-reviewed literature as zoos hire more staff with
advanced degrees." The results of this project only partially supported this hypothesis.
Communication between keepers and researchers improved during this period, as
judged by the number of keepers acknowledged in published papers and by interview
data. The increase in the number of zoo research participants and recent increases in
collaboration (i.e., higher numbers of co-presenters and co-authors), as well as other
characteristics of developing scientific disciplines, indicated that zoo biology is slowly
transforming itself from an oral-based community into a hybrid community that is both
oral- and paper-based. However, serious barriers to research persist, including difficulty
attracting grant funding, differing reward structures for academic and zoo researchers,
the denigration of applied science by academe, interprofessional conflicts within zoos,
and the failure of zoos to acknowledge apprenticeship and tacit knowledge transfer as
the basic elements of their expertise.
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Two corollary research questions were posed. The first asked, "What effect has the
recent professionalization of American zoo staff had on publication practices within
zoos"? One possibility was that professionalization had reduced interprofessional
tensions, especially between keepers and research staff. However, interprofessional
conflict did not disappear with increasing professionalization, and may even have
increased because of it. On the other hand, keepers' participation in research grew as
their level of education increased. Higher education levels did not affect zoo
professionals' preference for grey literature publications (possibly due to ever-higher
rejection rates by peer-reviewed journals). It was beyond the scope of this study to
compare professionalization within zoos to that of society as a whole, but it is possible
that zoos merely kept pace with increasing educational requirements, and so maintained
the status quo.
The investigator expected to find that researchers either discounted keeper input or
used it as anecdotal evidence requiring further scientific study; that keepers were seen
as a source of labor, unable to understand scientific methodology; and that the
professional hierarchy common to research laboratories and academic institutions was
inappropriate for zoos, which are too small to need such rigid organizational charts. All
of these suppositions proved correct, although many researchers were sensitive to
keepers' needs and concerns. Keepers readily admitted that their undergraduate
education lacked a strong foundation in scientific methodology, but pointed to the
absence of any workplace mentoring to ensure its transmission. Keepers were no longer
openly hostile to research, but their university training allowed them to question its
purpose at a different level than before. Some researchers worked hard to include

210

keepers from the project design stage forward, but overall keeper frustration remained
high. Strong professional divisions between zoo staff manifested themselves through
numerous interprofessional conflicts.
The second research question asked, "What are the current characteristics of the
subfield of zoo biology, and how do these compare to those of other emerging
disciplines"? Zoo research benchmarked itself against the scientific model, but was
closer, in reality, to the technology model, geared to producing products and processes
rather than published papers. This model relied on tacit knowledge and apprenticeship
to transmit its core knowledge base. The zoo community possessed characteristics
common to other non-academic facilities; job opportunities were increasingly
determined by educational status, a union/management divide often prevented frontline
staff and managers from cooperating fully, and economic pressures had increased
dramatically in the past two decades due to government cuts. Zoo researchers also
resembled environmentalists in their overtly emotional commitment to their work, their
sense of urgency, and their willingness to appeal to political and lay sources of power
and funding in order to achieve their objectives. Zoos competed actively with other
research facilities for both public and private funding. Meanwhile, a scientific model
for research staff, an apprenticeship model for keepers and curators, and a certified
professional model for veterinarians, nutritionists, and other staff coexisted
uncomfortably in American zoos.
Zoo research articles were scattered over hundreds of journals, with no one
discipline or subject dominating. Most zoo literature appeared in very low-ranking
journals. As predicted, peer-reviewed zoo research increased steadily during this
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period. Curators, veterinarians, and researchers were more likely to publish in peerreviewed journals than keepers. Gender was a predictor of the quantity of publications
produced, with women publishing less than men. However, female staff played an
important role as mentors, particularly in inspiring new research projects. Professional
status appeared to be a predictor of publication frequency (e.g., researchers published
more than keepers), types of literature published (e.g., keepers tended to publish grey
literature), and rate of rejection (e.g., keepers reported more rejections from peerreviewed journals than did other groups). Professionalization appeared to have led to a
loss of social contact between employees from different backgrounds, at least in larger
zoos. Co-authorship with outside researchers tended to be a one-time occurrence.
Ironically, just as the zoo community bega n to adopt scientific methodology widely
(during the 1970s and 1980s), sociologists in conjunction with representatives from the
peripheral and pseudo-sciences, special interest groups (e.g., creationists,
environmentalists), and the general public were attacking the very bases of scientific
inquiry, namely its claim to impartiality. Turning its back on popular culture and beliefs
in the hopes of endearing itself to the dominant scientific culture, the American zoo
found itself caught between a middle-class revolt against big science, on the one hand,
and a defensive scientific establishment that was unreceptive to enlarging its boundaries
on the other. In addition, academic-style research proved too time-consuming,
disruptive, and costly for most American zoos during the period studied. The need for
academic scientists to maintain the appearance of neutrality when seeking funding, and
their tendency to shy away from politics conflicted with the way most American zoos
must operate. Despite marked differences between them, zoo researchers continued to
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seek peer esteem from academic scientists. With few exceptions, most did not achieve
peer recognition outside the zoo community.
One of the projected outcomes for this study was the identification of a core group
of highly productive authors. As the bibliometric methodologies listed in Chapter 4
indicate, defining "productivity" in the zoo world was more complex than defining it in
a university setting. However, key individuals, according to criteria established by the
zoo community, could be easily identified using one or more of the methods outlined.
Some researchers participated in all three categories of research activities, forming a
tiny core group of highly active (as distinct from highly productive) researchers. The
borders of the zoo world were fluid and porous, with a large number of peripheral
partners coming and going as a function of personal contacts with zoo-based personnel,
rather than because zoos are perceived as scientifically valuable repositories. The
motivation for both academics and zoo personnel for conducting zoo-based research
was an altruistic concern for improving the world in a tangible manner, and has
remained unaltered over the past 28 years. Zoo professionals and interested outsiders
pointed to research as a personality-driven, rather than an institution-driven, activity.
While research was institutionalized at large- and mid-sized zoos, researchers there
continued to face many of the same hurdles and frustrations as their outside colleagues.
Zoo research was attracting doctoral students and transferring knowledge to the next
generation, according to professors and mentors (see Chapter 4, Interviews section).
The level of outside collaboration has remained low, but steady, over the past three
decades.
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Throughout the literature and the interviews, there seemed to be an underlying
assumption that the ideal zoo research project involved both researchers with advanced
degrees and keeper staff. Few concrete examples of this partnership approach surfaced,
however, and differing institutional cultures made comparisons of successful
cooperation difficult. Important elements in determining how a particular institution
undertook research were leadership (especially the attitude of the zoo director),
presence of in-house researchers, unionization, integration with the local community
(such as institutional partnerships, internship programs, and the movement of staff
between institutions), and ties to academic programs at local postsecondary institutions.
Because of its predilection for theoretical peer-reviewed journals, Web of Science
was skewed towards a handful of large zoos. In general, it was not suited for measuring
research by a mobile group of authors under highly variable conditions, particularly
because it systematically excluded grey literature and offered poor coverage of journals
in emerging disciplines. Fortunately, the use of acknowledgees mitigated some of the
problems associated with citation analysis, such as hyperauthorship and non mer itbased authorship, while the inclusion of grey literature authors broadened the ranking to
include individuals whose contributions lay outside peer-reviewed literature. The study
was able to demonstrate that acknowledgees and grey literature authors played a crucial
role in the transfer of tacit knowledge in the zoo research community.
This study tackled a number of philosophical questions, such as, What good is
traditional science when what is being studied (rare animals) disappears before it can be
measured and experimented on? Which is more important, the moral or the scientific
imperative? Is mainstream science the only route that can save endangered species?
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Which of the two ultimate goals of zoo-based research, namely improving lives of zoo
animals and adding to humanity’s knowledge base, is worth more? Who outside the zoo
world cares about the new knowledge being created? Who within the zoo world learns
about these discoveries, and has the motivation and resources to implement them? The
answer to the se questions lies in a redefinition of "humanity's knowledge base." More
than traditional science will be needed to avert impending extinctions.
This study set out to answer the question, "Is zoo biology a budding subfield or just
second-rate science?" In the final analysis, that was the wrong question. Zoo biology is
simply the most visible aspect of a larger knowledge base known as "zoo keeping."
This knowledge base has always existed, but because it was not captured in print, its
transmission rate is lo calized, and prone to misinterpretation, superstition, and
intergenerational conflicts. A more useful question would be, "How can zoo keeping
knowledge best be transmitted to future generations?" Peer-reviewed journals are but a
tiny part of zoos' communication channels, although they remain the only one that
guarantees the longevity and immutability of the knowledge captured. There is also a
major disadvantage in relying too heavily on scholarly communication, namely that
only a tiny fraction of zoo personnel, and an even tinier portion of external scientists,
will ever read and act upon this knowledge. The challenge for zoos is therefore to first
break down barriers to capturing core tacit and explicit knowledge, then to standardize
it across all accredited zoos, and finally to disseminate it effectively to the world. The
field is not yet sufficiently mature to benefit fully from existing channels of scholarly
communication, and as a result, its voice is not often heard outside its community.
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Recommendatio ns
The main recommendation of this study is to begin research mentoring programs
for keepers, curators, and outside researchers. The mentoring of keepers is currently
happening only on an ad hoc basis and is viewed as counter-productive or even
threatening by many curators. Keeper involvement in research requires buy-in from top
zoo administrators, but support from curators is also crucial.
A second recommendation is that the AZA publicly acknowledge that successful
zoo research is necessarily based on a passion for animals, in addition to scientific
principles. Explicitly acknowledging the existence of the rapport between human
custodians and their charges, rather than taking it for granted (at best) or denying its
existence (at worst), is the sign of a humane and positive approach to the management
of zoo animals. It also signals to zoo detractors that zoos' overriding preoccupation is
the facilitation of human and animal co-existence, rather than scientific advancement
for its own sake.
A third recommendation is to use bibliometrics as an inexpensive, easy to obtain
measure to track the state of formal zoo knowledge, with the caveat that the scholarly
literature reflects only a tiny percentage of zoos' knowledge base and remains subject to
future revision (i.e., the published record is permanent but published findings may
become obsolete).
A fourth recommendation is to become more aware of the value of existing tacit
knowledge within zoos, and begin to use it to create new strategic knowledge.
Rewarding cooperative gestures, mentoring activities and teamwork on employee
evaluations would help to combat information hoarding and interprofessional conflicts
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(Von Krogh, Ichijo, & Nonaka, 2000, pp. 62-63). A more comprehensive evaluation of
employees' contributions would identify previously unrecognized research enablers and
shift the emphasis from research productivity (as measured by the Web of Science or
the AZA annual publications list) to the retention and intergenerational transfer of
knowledge.
A fifth recommendation is for the AZA community to take a strategic approach to
the archiving and dissemination of its literature. Zoo administrators and the AZA need
to decide whether they desire a higher level of outside recognition for zoo research,
and, if so, develop a systematic approach to improving its inclusion and reception in the
broader scientific community. As with any marketing campaign, they need to learn
more about their current and potential audiences, and adjust their communications style
to fit those audiences. Tailoring articles for high-ranked journals and offering tutoring
services for authors whose manuscripts are refused by Zoo Biology are two ways to
increase exposure to zoo research. What is currently lacking is a self-supporting
publication culture within the zoo community that can train future peer-reviewed
authors.
Finding or creating new distribution channels for both scholarly and grey literature
is a third way to increase distribution of zoo research results. Keepers and curators, in
particular, lack appropriate mechanisms for capturing their knowledge in a retrievable,
peer-reviewed format. The increasing number of zoo researchers with advanced degrees
has created a pool of future mentors, editors, and leaders who have exposure to both the
scientific and zoo cultures. Animal Keepers Forum and International Zoo Yearbook
struggle to obtain quality research material, but with a larger pool of potential authors,
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their role in disseminating grey literature could be expanded. As part of the focus on
dissemination, writing courses, editorial assistance (interns), mentors, and grants
specifically targeting publication and knowledge transfer would assist keeper and
curatorial staff to publish more and better quality papers. Methodology is also a weak
area. Even seasoned zoo researchers struggle with small population sizes, limited
equipment and resources, and lack of control over both human and animal schedules. A
workshop, joint course with a local postsecondary institution, and mentoring are just
some ways in which methodological skills could be transferred. A third skill set that is
needed is how to publish in a scholarly publication.
A sixth recommendation is to train "translators" who can navigate between the
various forms of tacit and explicit knowledge, find commonalities, and facilitate the
transfer and creation of new knowledge. These could come from different backgrounds,
such as scientifically trained individuals willing to become the voice of those unable to
"speak science," editors specialized in scientific writing, keepers with behavioral
science training, etc. Adopting a standard vocabulary across institutions would also
speed up interactions and reduce misunderstandings, while retaining those highly
motivated researchers who take the initiative to contact zoos would keep outside
mentors and their knowledge in the system longer.
A seventh and final recommendation is to provide greater administrative support to
curatorial staff, who form a crucial link between keepers and researchers. Their
interactions with researchers send a signal to keeper staff about the role of research
within the organization. Given the resources and leadership, curators could play three
separate roles in knowledge transmission: a) they could channel data effectively to
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researchers for peer-reviewed publication; b) they could capture their own observations
in the literature and through conference presentations; and c) they could mentor keepers
as part of a broader knowledge sharing initiative that would hopefully lead to increased
keeper participation in the publication and presentation of zoo research.
Bibliometrics can play a role in this cycle by providing a barometer of what the
wider world cares to know about captive animals. This is a humbling lesson, but an
essential step towards integrating zoos' knowledge base into society's knowledge base.
Rather than pulling in many directions, American zoos need to select those aspects of
their savoir-faire that are most appealing and valuable to peer-reviewed journals
(including Zoo Biology), and capture them via the scholarly communication system.
Then, they must determine how to transmit the remaining crucial, but unsolicited,
knowledge into humanity's consciousness. It is here that keepers, curators, and
veterinarians can play a larger role, through public education, conference presentations,
grey literature, and collaborative relationships. These alternate channels have always
existed, but have been haphazard and personality driven. They need to be given a more
visible role in zoos. Lack of time and professional insecurity, rather than lack of money
or enthusiasm, seem to be the greatest barriers to the dissemination process. Both can
be resolved through positive leadership and clear signals to non-research staff to share
what they know, in ways that are comfortable to them.
The AZA's annual publication list is vital for tracking the development of zoo
research because it is one of the more comprehensive sources of non peer-reviewed zoo
literature available. If the AZA could entice more member institutions to submit all
staff publications (not just peer-reviewed articles), a more complete picture of
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information transfer would emerge, and mentors and assistors could be more easily
identified. The inclusion of other sources of grey literature (Animal Keepers’ Forum,
husbandry magazines, other non-reviewed publications) would lead to a more
meaningful measurement of the true extent of zoo-related literature. Through this list,
the AZA could also play a role in removing some of the stigma attached to grey
literature, both within and outside the zoo community. Non peer-reviewed information
is better than none at all, and could lead to a formal research project if it fills an
important need.
The bibliometric approach developed in this study dealt with some of Web of
Science's weak points. It provided a method for judging individual contributions
independent of institutional affiliation and professional status. Thus, it resolved at least
some of the difficulties associated with c itations as a measure of a researcher’s value,
by broadening the evaluation instrument beyond commercial indexes. Most peerreviewed publications are now available online in full-text format, so harvesting
acknowledgements for recent articles (from 1995 on) is feasible, given the small size of
the body of zoo literature. Narrowing the analysis to one or a few zoos and/or limiting
to one or a few years would also reduce the amount of work considerably.
One advantage of a bibliometric tool is that it is based on individuals, as well as
institutions, and so non-zoo employees who contribute to zoos' pool of knowledge can
also be tracked. Updates of retirements and career changes would make the instrument
even more accurate, but would entail systematic tracking of personnel by the zoo
community. While the amount of work for this 28-year study was daunting, this
technique becomes feasible for periods of one or several years, especially if zoo
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personnel self-report and provide full first names and middle initials fo r each
author/acknowledgee. While a yearly or biennial review would remove biases against
individuals who have recently left or joined the field, it disadvantages those whose role
has changed (e.g., an acknowledgee who becomes an author, or an author who becomes
a mentor), by showing only the most recent facet of their contribution. Thus, a balance
needs to be struck between, on the one hand, the lifetime achievements, and, on the
other, the need for a tool that can give a rapid overview of the community's research. A
decennial overview comprised of cumulated annual research data could accomplish
both short-term and longer-term objectives for the zoo research community.
Another advantage of this system is that it recognizes the contributions of front- line
workers, such as keepers or laboratory assistants, to peer-reviewed publications. The
fact that one’s contributions can be monitored equitably using a scale made to measure
for the zoo environment should be encouraging for all staff members. Increased pride in
the accomplishments of community members coupled with an identified pool of outside
researchers interested in truly collaborative projects can only be positive. All major
universities in the United States subscribe to ISI’s indexes, so this tool is ava ilable
regionally to all AZA zoos. Access to spreadsheet and word-processing software is
required, and citation management software is desirable. These low-tech requirements
are attainable in even the smallest zoos. With central coordination, the AZA could build
on local publications lists to locate those who are currently contributing to the shared
knowledge base. Incentives to promote such behavior could be both informal (e.g.,
recognition of top achievers at the annual conference), and formal (e.g., publishing a
collected volume of high impact articles).

221

Further bibliometric studies could look at the degree of co-authorship among zoo
professionals. Do researchers at larger zoos tend to work amongst themselves or do
they participate proportionally in inter-institutional research? Which institutions lead in
inter- institutional research, especially that published in peer-reviewed journals? Are
those institutions that perform the most research also those that communicate the
research results most effectively?
Ideally, another citation analysis of the literature should be conducted in five years'
time to ascertain if the tendencies uncovered in this study are maintained, and if zoobased research is maturing into a separate discipline. A study of interprofessional
relations (keepers-curators, curators-vets, etc.) is desirable to determine how existing
staff resources could be best deployed in research efforts.
If zoos are serious about expanding their role in the conservation community, they
must learn more about themselves before they can attract long-term outside partners.
They will also have to become more sophisticated in selling their point of view. This
project sought to provide zoo managers with tools to measure their institution's research
productivity within the context of mainstream science. The more zoos understand about
the workings of the larger scientific community, the better their chances of securing
funding over the long term. This project pinpointed some success stories in zoo-based
research, and extracted models and methods from the data that help predict which
research projects are most likely to have an impact beyond their institution's walls.
The gap between rhetoric and reality in zoo-based research is simply too wide to go
unnoticed by most zoo personnel and by outside organizations critical of zoos' approach
to scientific research. Instead of reacting defensively to both internal and external
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critics, zoos need to base their responses and actions on facts. Knowing the true state of
affairs is a first step towards identifying their strengths and weaknesses, and revising
their public relations literature to include unbiased measurements of success and failure
that come from renowned scientific sources. In other words, basing claims of scientific
value on neutral third-party sources and eliminating exaggerated claims of zoos' impact
on the natural world should increase the impact of zoo publications aimed at the general
public, while at the same time inviting critics to base their comments on facts drawn
from the same sources. By agreeing on independent measures of impact and value, both
supporters and critics of zoo-based research can work together for an improved world
in an atmosphere of mutual respect and positive criticism.

Summary
The American zoo community has striven for over two decades to associate itself
with a scientific approach to caring for captive animals, both in the public eye and in
the eyes of its employees. This project attempted to measure their degree of success in
replacing the traditional view of zoos as entertainment/education facilities with a new
vision of zoos as conservation organizations. Because the American zoo and aquarium
community is relatively small (210 member institutions), and the emphasis on research
began relatively recently (in the mid -1980s), it was possible to conduct an in-depth
study of a new subject area attempting to establish credibility within the larger research
community. Bibliometric methods supplemented by semi-structured interviews were
chosen as investigative tools.
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While Zoo Biology is currently the only peer-reviewed periodical dedicated to zoo
research, searches of the electronic index Web of Science uncovered hundreds of other
journals in which zoo research has appeared. Web of Science's analysis software and
established bibliometric methods were employed to determine the characteristics of the
body of zoo research literature starting in 1973 (the year it was first indexed
systematically) through 2001. Three other sources of zoo research activities were also
mined for relevant materials, namely, the 1973 to 2001 annual zoo research conferences
sponsored by the AZA, the AZA's annual lists of member institution publications (1990
through 2001), and acknowledgements from a representative sample of 714 zoo
research articles (from Web of Science). The sample articles were weighted by zoo
productivity threshold, i.e., 10% of articles from three high-productivity zoos (20 or
more articles indexed in Web of Science per year), 25% from 31 mid-productivity zoos
(1 to 6 articles annually), and 100% from 44 low-productivity zoos (<1 article per
year).
By quantifying authorship and acknowledgements statements from a representative
sample of zoo research articles, the researcher determined that zookeepers' frontline,
tacit knowledge about zoo animals was rarely transmitted to curators, researchers, and
veterinarians. Interviewees indicated that the reasons for this were time constraints, lack
of skills (especially ignorance of the scholarly publishing process), and
interprofessional conflicts. The poor transmission of zoo keeping lore resulted from the
lack of time and mentors within the zoo community. Most keepers who published
found mentors outside their institution (at universities, museums, and associations).
Acknowledgees contributed to a positive, mentoring atmosphere at their institutions.
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The low number of duplicates from institutional results in Web of Science suggested
that inter-zoo collaboration was rare.
The broader research community used only a fraction of zoo research. Zoo-based
researchers displayed an ambiguous attitude toward their zoo affiliation. Outside
researchers attempting to conduct research within zoos faced frustrations and barriers,
making zoos a last resort for some. The vast majority of outside collaborators
participated in the zoo research community for less than one year. Outsiders performed
zoo research out of altruistic, rather than career-oriented, motives.
Given the well-documented limitations of bibliometric analyses, the researcher
supplemented citation analysis with interviews of a cross-section of 30 zoo research
personnel and outside researchers, plus sessions from two association conferences. The
interview data revealed several themes that supported or nuanced the biblio metric
analysis results. In particular, interprofessional conflicts at every level and between
every professional group within the zoo were uncovered. Keepers, in particular, seemed
frustrated by a lack of input into the research process, but they also described a wide
variety of reactions to keeper involvement in research from their peers. Interviewees
linked information hoarding, union/management conflicts, and sabotage to research
activities. No systematic attempt to capture keeper lore and tacit knowledge within zoos
was found, but in 2004 the AZA and the AAZK mounted a keeper course to establish
minimum keeper standards.
This study recommends the systematic mentoring of support and keeper staff at
AZA institutions, not only to promote a greater awareness of scientific methodology,
but also to harness vital oral folklore from "old-style" keepers that might otherwise be
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lost. Inter- generational transfer of zoo keeping lore has not disappeared with the
professionalization of the keeper workforce; on the contrary, it is more essential than
ever to successful keeper apprenticeships. New keepers must layer university training
over the same skill set ("animal sense" plus experience) as their predecessors.
The study concluded that the AZA could play a greater role in collecting and
disseminating grey literature within the zoo community. The bibliometric tools used in
this analysis are freely available to most zoos at virtually all U.S. universities. Possible
next steps include a survey instrument designed to capture more broad based input from
zoo staff, particularly keepers and curators, and the creation of a mentoring program for
keepers, curators, and researchers. As the scientific community loses its monopoly on
what society perceives as the most valuable form of knowledge, the repercussions for
zoo research could be positive. There seems to be no better time historically for zoos to
return to their roots in tacit knowledge, and embrace alternative expressions of
knowledge.
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Ap pendices

Appendix A
Definitions of Terms
Bibliometrics:

the quantitative analysis of the production, distribution, and use of
published or semi-published literature (Lancaster, as cited in Osareh,
1996a, p. 152).

Citation analysis:

the use of citations to measure the impact of work by individuals or
groups of scientists on others; a subfield of bibliometrics (Cole, 2000,
p. 293).

Grey literature:

networked information produced on all levels of government,
academics, business, and industry in electronic or print formats, not
controlled by commercial publishing; generally not peer-reviewed
(GreyNet, http://www.greynet.org; Weintraub, [1999-2000], para. 1]).

Journal impact factor: the measure of the frequency with which the "average article" in a
journa l has been cited in a particular year (Web of Knowledge,
"Definitions", accessed Sept. 1, 2003).
Peer-review:

the assessment, by experts (peers), of material submitted for
publication in scientific and technical periodicals (Bailar & Patterson,
as cited in Weller, 2001, p. 15).

Person-participation: equals one research act performed by one research participant.
Person-presentation:

equals one presenter's participation in one conference paper.

Person-publication:

equals one author's participation in one publication. Authors were
awarded one person-publication point for every article they
published, regardless of the number of co-authors. Thus, an article
with 10 authors produced 10 person-publications, while a singleauthored article produced one person-publication.

Research act:

one act of participation by an individual in a research project, whether
as an author, conference presenter, or acknowledged assistant.

Studbook:

genealogical information about captive individuals of a particular
species, i.e., the combined pedigrees of all individual animals held in
zoos. Studbooks can be North American or international in scope.

Tacit knowledge:

unwritten knowledge, including lore, oral history, routines,
professional practices, and procedures passed on from o ne person to
another, usually in close physical proximity (MacRoberts &
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MacRoberts, 1989, p. 344; Nonaka, Toyama, & Konno, 2001, p. 1619; Polanyi, 1958, p. 53; Von Krogh, Ichijo, & Nonaka, 2000, p. 83,
154, 181, 238).
Uncitedness:

For the purposes of this project, articles that were not cited for at least
two years after publication were considered uncited, i.e., articles
published between 1973 and 2001 that had zero citations by 2003.

Web of Science:

index of scientific literature published by the Institute for Scientific
Information (Philadelphia); contains Science Citation Index, Social
Science Citation Index, and Arts & Humanities Citation Index.

Zoo biology:

the study of the biological problems that arise in the zoo from the
confrontation of the living animal with living humans (Hediger, 1964,
p. 61-62).

Zookeeper:

animal custodian who maintains captive exotic animals for
conservation, research, public education and recreation; usually
reports to a curator (American Association of Zoo Keepers,
http://www.aazk.org/zoo_career.php).
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Appendix B
Zoos Included in Study
Zoos in ISI Sample
Bronx
National Zoo
San Diego
Atlanta
Biodome
Brookfield
Calgary
Cincinnati
Columbus
Dallas
Denver
Dickerson Park
Fossil Rim
Henry Doorly
Houston
Int Crane Fdn
Kansas City
Lincoln Park
Los Angeles
Memphis
Miami
Milwaukee
Minnesota
Oklahoma City
Philadelphia
Pittsburgh
Riverbanks
Roger Williams
San Antonio
Sonora
St. Louis
Toronto
Woodland Park
ZooMontana

# Sample
Articles
70
153
68
15
4
40
7
21
7
25
18
3
7
9
3
4
10
15
9
5
3
3
8
12
10
5
7
4
7
11
28
14
7
1

% Total
Articles
10
10
10
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

Article
Productivity
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
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Zoos in ISI Sample
Audubon
Binder Park
Birmingham
Blank Park
Buffalo
Chaffee
Cleveland
Como (Park)
Detroit
Erie
Fort Worth
Gladys Porter
Glen Oak
Henry Vilas
Indianapolis
Intl Ctr Gibbon
Jackson
Jacksonville
Knoxville
Lake Superior
Lion Country
Living Desert
Louisville
Lubee
Mesker Park
Montgomery
Northwest Trek
Oakland
Oregon
Palm Beach
Phoenix
Potawatomi
Sacramento
San Francisco
Santa Barbara
Seaworld/Busch
Sedgwick
Seneca Park

# Sample
Articles
9
1
4
1
6
1
4
2
19
1
1
8
1
2
12
6
1
13
4
1
3
2
6
5
1
3
1
1
12
1
9
1
1
10
3
22
2
1

% Total
Articles
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Article
Productivity
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

230

Zoos in ISI Sample
Toledo
Tracy Aviary
Tulsa
Utica
Wild Canid
Wildlife Safari

# Sample
% Total
Articles
Articles
13
100
2
100
10
100
3
100
2
100
7
100
Sample total: 78 zoos

Article
Productivity
Low
Low
Low
Low
Low
Low

Zoos in ISI but not in sample; may appear in grey literature or
acknowledgements analyses.
John Ball
0
0
Living Seas
0
0
Lowry Park
0
0
Moody Gardens
0
0
Potter
0
0
Pueblo
0
0
Six Flags California
0
0
Riverside
0
0
Santa Ana
0
0
ISI Total: 87 zoos
Zoos not in ISI but in grey lit or acknowledgements analyses.
Akron Zoo
Baltimore Zoo
Caldwell Zoo
Central Florida Zoo
Cheyenne Mtn Zoo
El Paso Zoo
Folsom City Zoo
Fort Wayne Zoo
Franklin Park Zoo
Granby Zoo
North Carolina Zoo
Point Defiance Zoo
Sunset Zoo
Syracuse Zoo
Topeka Zoo
Tucson Zoo
Virginia Zoo
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Zoos in ISI Sample
White Oak Cons. Ctr
Wilds, The

# Sample
Articles

% Total
Articles

Study total: 106 zoos

Article
Productivity
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Appendix C
Article Productivity by Institution
High productivity
Bronx
National Zoo
San Diego
TOTAL

#article #year #art/#yr
1,256
35
23.46
1,784
35
38.46
700
27
25.93
3209*

Mid-productivity
Atlanta
Biodome
Brookfield
Calgary
Cincinnati
Columbus
Crane
Dallas
Denver
Dickerson
Fossil Rim
Henry Doorly
Houston
Kansas City
Lincoln Park
Los Angeles
Memphis
Miami
Milwaukee
Minnesota
Oklahoma City
Philadelphia
Pittsburgh
Riverbanks
Roger Williams
San Antonio
Sonora
St. Louis
Toronto
Woodland Park

#article #year #art/#yr
63
23
2.74
23
6
3.83
187
29
6.45
24
24
1.00
91
24
3.79
28
20
1.4
24
24
1.00
71
25
2.84
63
25
2.52
8
7
1.14
19
9
2.11
49
23
2.13
41
29
1.41
24
18
1.33
62
28
2.14
36
24
1.5
22
22
1.00
18
16
1.13
25
19
1.32
41
21
1.95
46
28
1.64
39
28
1.39
16
12
1.33
28
24
1.17
17
8
2.13
38
23
1.65
50
28
1.79
117
27
4.33
63
28
2.25
30
27
1.11
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Zoo Montana
TOTAL

13
1,313*

5

2.6

Low-productivity
Audubon
Binder
Birmingham
Blank
Buffalo
Busch
Chaffee
Cleveland
Como
Detroit
Erie
Fort Worth
Gladys Porter
Glen Oak
Indianapolis
Int Ctr Gibbon
Jackson
Jacksonville
John Ball
Knoxville
Lake Superior
Lion Country
Living Desert
Louisville
Lubee
Mesker
Montgomery
Northwest Trek
Oakland
Oregon
Palm Beach
Phoenix
Potawatomi
Potter
Pueblo
Riverside
Sacramento
San Francisco

#article #year #art/#yr
10
21
0.48
1
17
0.06
5
16
0.31
1
12
0.08
8
18
0.44
24
26
0.92
2
5
0.4
7
16
0.44
1
22
0.05
19
26
0.73
1
5
0.2
2
17
0.12
10
24
0.42
3
13
0.23
15
22
0.68
6
7
0.86
1
10
0.1
14
21
0.67
2
25
0.08
4
20
0.2
1
3
0.33
4
24
0.17
2
9
0.22
9
28
0.32
5
7
0.71
1
2
0.5
3
9
0.33
1
10
0.1
1
7
0.14
15
27
0.56
1
2
0.5
10
21
0.48
1
5
0.2
1
21
0.05
1
12
0.08
1
14
0.07
2
5
0.4
13
19
0.68
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Low-productivity
Santa Barbara
Seneca
Toledo
Tracy Aviary
Tulsa
Utica
Vilas
Wild Canid
Wildlife Safari
TOTAL

#article #year #art/#yr
3
16
0.19
1
5
0.2
16
24
0.67
2
3
0.66
10
20
0.5
3
23
0.13
2
8
0.25
2
10
0.2
7
27
0.26
243*
100% (243)

*Total is less than sum because of multi-authorship.
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Appendix D
Interview questions
Note: Many interviewees belonged to more than one category simultaneously or at different
times in their careers. Questions were dropped or added accordingly. Those who had never
participated in zoo research were asked to give their opinions about research they had
observed during their careers.
Keepers
1.
Please describe your career to date (education, zoos worked at, animal and other
experience).
2.
Have you participated in a research project at a zoo?
3.
Were the results ever presented or published? If so, where?
4.
What was your role/contribution? Whom did you work with/for?
5.
To your knowledge, have you ever been acknowledged in a publication?
6.
Do you see any advantages to co-authorship (as distinct from single authorship)?
7.
What do you think the role of keepers is currently in zoo research?
8.
Where do you see zoo research going in the future?
9.
What would be the ideal situation for zoo research to occur?
10.
Any final thoughts or comments?
Research assistants
1.
Please describe your career to date (education, zoos worked at, animal and other
experience).
2.
What research projects have you participated in at a zoo?
3.
Were the results ever presented or published? If so, where?
4.
What was your role/contribution? Whom did you work with/for?
5.
Have you ever collaborated with non-zoo researchers?
3.
Have you been responsible for a project, or done a project alone?
6.
Were you offered co-authorship as a result of your collaboration? Is this the norm, or
does it depend on the principal investigator?
5.
To your knowledge, have you ever been acknowledged in a publication?
6.
Do you see any advantages to co-authorship (as distinct from single authorship)?
7.
What do you see as the role of research assistants in zoo research?
8.
Where do you see zoo research going in the future?
9.
What would be the ideal situation for zoo research to occur?
10.
Any final thoughts or comments?
Researchers
1.
Would you briefly describe your career? (places worked, education)
2.
How did you come to be in a zoo?
3.
Did you have a mentor?
4.
Have you ever done research outside a zoo?
5.
When did you begin doing zoo-based research?
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6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

What motivated you initially? Has this changed over time?
Has your research changed over the years?
How hard was it to get published?
What criteria do you use to select which journals you submit papers to?
Have you applied for grants? If so, did you use your zoo affiliation, and did it affect
the process?
Have you ever had a paper rejected? If so, did it change your approach to publishing?
Are there any advantages to co-authorship (as distinct from single authorship)?
How hard is it to find zoo co-authors or academics with an interest in zoo research?
Do you feel that there are differences in research conducted by different professional
groups within zoos?
Has the professionalization of zoo keepers changed the way zoos conduct research?
In general, do you feel that it is easier or harder for this generation of zoo researchers
to obtain funding and resources, and to get published?
Do you generally include acknowledgements in your papers?
Whom do you acknowledge, and why?
Have you ever been acknowledged?
Where do you see zoo-based research going?
How are zoos viewed as research institutions by the wider scientific community?
What future do you see for zoo research?
Any closing comments?

Veterinarians (in addition to Researcher questions)
1.
I have noticed that vets almost never include acknowledgements in their papers. Is
this by choice or is it a decision made by the journal editor?
2.
Have you seen any trends or changes in zoo vet research over the years?
3.
Have the journals for zoo veterinary research changed?
4.
How is zoo research viewed in the veterinary medicine field?
Editors
1.
Have you ever edited a journal or acted as a reviewer? If so, for which journals?
2.
What were the selection criteria used? Have these changed over time?
AZA and AAZK representatives
1.
What does your association see as the keeper's role in research?
2.
When is it appropriate for keepers to conduct their own research? When is it
preferable that research staff conduct the research, with keeper assistance?
3.
When is it appropriate for keepers to assist staff or outside researchers?
4.
When should keepers receive co-authorship status for their contributions?
5.
When should they receive an acknowledgement?
6.
Why did AZA and AAZK feel the need to create a keeper training program? What
wasn't being provided by academia?
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Appendix E
Core Set of Zoo Researchers
M / Z/
F N
Z
F
Z
M Z
F
Z
M Z
M Z
F
Z
F
Z
M Z
M Z
M Z
F
Z
M Z
F
Z
M Z
F
Z
M Z
F
Z
M Z
M Z
M N
M Z
F
Z
M Z
F
Z
M Z
M Z
M Z
F
Z
M N
M Z
M Z
M Z

Name
Agoramoorthy, G
Alberts, Allison C.
Allen, Jack L.
Altmann, Jeanne
Alvarado, Thomas
Armstrong, Douglas
Asa, Cheryl S.
Baker, Ann J.
Ballou, Jonathon D.
Barone, Mark A.
Barrie, Michael T.
Bauman, Joan E.
Behler, Jo hn L.
Bellem, Astrid C.
Benirschke, Kurt
Bennett, Cynthia L
Bennett, R. Avery
Berger, Jessica
Blumer, Evan S. Dr.
Boever, William J.
Braselton, Emmett
Brewer, Bruce A.
Brown, Janine L.
Bush, Mitchell Dr.
Byers, Ann (Onnie)
Calle, Paul P. Dr.
Cambre, Richard C.
Campbell, Mark K.
Carlstead, Kathy
Chiszar, David
Citino, Scott B. Dr.
Conway, William
Cranfield, Michael

Profession Ack ISI AZA Tot
Researcher
1
9
1
11
Researcher
2
19
1
22
Researcher
1
15
5
21
Researcher
3
31
3
37
Vet
2
8
10
20
Vet
2
17
10
29
Researcher
1
22
10
33
Curator
1
11
4
16
Researcher
5
19
9
33
Researcher
2
6
1
9
Vet
2
6
4
12
Researcher
1
3
3
7
Curator
3
6
15
24
Res assistant
2
6
1
9
Vet
5
61
4
70
Researcher
1
7
13
21
Vet
2
3
40
45
Researcher
2
21
2
25
Vet
4
10
4
18
Researcher
2
48
1
51
Researcher
2
10
1
13
Researcher
2
5
3
10
Researcher
2
67
14
83
Vet
6 181 11 198
Researcher
2
13
5
20
Vet
2
23
25
50
Vet
5
25
1
31
Vet
2
3
2
7
Researcher
1
9
7
17
Researcher
2
30
3
35
Vet
2
36
3
41
Researcher
1
7
20
28
Vet
1
9
11
21

Fin
Yr
2000
1999
1998
2001
2001
2001
2001
1996
2001
1994
2000
2001
1997
2001
2001
2001
2000
2001
2001
1993
1999
1999
2001
2001
1997
2001
2000
1998
2001
2001
2001
1999
2001

St
Yr
1992
1990
1986
1986
1985
1987
1986
1988
1981
1989
1990
1996
1978
1994
1976
1992
1992
1981
1990
1974
1994
1990
1987
1973
1989
1982
1980
1994
1989
1977
1984
1974
1984

Yr Score
9 1.22
10 2.20
13 1.62
16 2.31
17 1.18
15 1.93
16 2.06
9 1.78
21 1.57
6 1.50
11 1.09
6 1.17
20 1.20
8 1.13
26 2.69
10 2.10
9 5.00
21 1.19
12 1.50
20 2.55
6 2.17
10 1.00
15 5.53
29 6.83
9 2.22
20 2.50
21 1.48
5 1.40
13 1.33
25 1.40
18 2.28
26 1.08
18 1.17
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M / Z/
Name
F N
F
Z Crissey, Susan D. D
M Z Derrickson, Scott R.
F
Z Dierenfeld, Ellen S.
F
Z Donoghue, Ann M.
F
Z Dresser, Betsy L.
F
Z Dubach, Jean M.
F
Z Durrant, Barbara S.
F
Z Ellis, Susie L.
M Z Ensley, Philip K.
F
Z Fischer, Martha T.
F
Z Forthman, Debra L.
F
Z Goodrowe-Beck, K.
M Z Greenberg, Russ
M Z Grisham, Jack
M Z Gross, Timothy S.
Z Hay, M. A.
F N Hohn, Aleta A. Dr.
M Z Houston, E. William
F
Z Howard, JoGayle
M Z Hutchins, Michael
M N Isaza, Ramiro Dr.
M Z Janssen, Donald L.
F
Z Johnston, Leslie A.
M Z Junge, Randall E.
M Z Kapustin, Nikolay
M Z Karesh, William B.
F
Z Kearns, Karen S.
M Z Kenny, David E.
M Z Kingswood, Steven
F
Z Kinnaird, Margaret
F
Z Kleiman, Devra G.
M Z Koontz, Fred W.
F
Z Kramer, Lynn W.
M Z Lacy, Robert C.
M Z Langbauer, William
M Z Lewandowski, Alb.
M Z Lindburg, Donald

Fin
St
Profession Ack ISI AZA Tot Yr
Yr Yr Score
Nutritionist
1
14
27
42 2001 1989 13 3.23
Researcher
1
10
4
15 1996 1985 12 1.25
Nutritionist
4
54
24
82 2001 1982 20 4.10
Researcher
1
22
6
29 2000 1990 11 2.64
Researcher
2
14
22
38 2000 1980 21 1.81
Researcher
3
5
1
9 2000 1994 7 1.29
Researcher
1
13
10
24 2000 1981 20 1.20
Researcher
1
2
3
6 2001 1997 5 1.20
Vet
2
25
3
30 1994 1976 19 1.58
Curator
1
3
10
14 2001 1992 10 1.40
Researcher
2
8
11
21 2001 1985 17 1.24
Researcher
5
39
6
50 2001 1985 17 2.94
Researcher
4
43
1
48 2001 1983 19 2.53
Curator
1
2
15
18 2000 1990 11 1.64
Researcher
2
7
2
11 2000 1990 11 1.00
Researcher
1
10
1
12 2000 1991 10 1.20
Researcher
3
2
2
7 1998 1993 6 1.17
Curator
1
7
5
13 2001 1990 12 1.08
Researcher
1
61
11
73 2001 1981 21 3.48
Researcher
2
2
22
26 2001 1980 22 1.18
Vet
1
9
1
11 2001 1991 11 1.00
Vet
6
31
8
45 2001 1979 23 1.96
Researcher
1
17
4
22 2001 1989 13 1.69
Vet
4
19
14
37 2001 1987 15 2.47
Vet
1
4
5
10 2000 1994 7 1.43
Vet
1
43
23
67 2001 1983 19 3.53
Vet
1
4
2
7 2001 1997 5 1.40
Vet
3
17
4
24 2001 1989 13 1.85
Researcher
1
7
4
12 2000 1994 7 1.71
Researcher
1
10
2
13 2001 1996 6 2.17
Researcher
11 28
4
43 2000 1973 28 1.54
Researcher
2
10
11
23 2001 1982 20 1.15
Researcher
2
25
5
32 1998 1977 22 1.45
Researcher
1
22
4
27 2001 1985 17 1.59
Researcher
2
1
3
6 2000 1995 6 1.00
Vet
2
3
5
10 2001 1992 10 1.00
Researcher
3
32
10
45 2001 1981 21 2.14
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M/
F
F
M
F
F
F
M
M
M
M
M
F
M
M
M
M
F
M
F
F
M
M
F
F
M
F
M
M
M
M
M
M
F
F
M
M
M

Z/
N
N
Z
Z
Z
Z
Z
Z
Z
Z
Z
N
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
N
Z
Z
Z
Z
Z
Z
Z
N
N

Name
Lowenstine, Linda
Maple, Terry L. Dr.
Margulis, Susan W.
McNamara, Tracey
McRae, Molly A.
Meehan, Thomas P.
Miller, R. Eric
Montali, Richard J.
Morris, Patrick J.
Morton, Eugene S.
Munson, Linda
Murphy, James B.
Nichols, Donald K.
O'Brien, Stephen J.
Oftedal, Olav T.
Ogden, Jacqueline J.
Olsen, John H. Dr.
Olson, Debbie
Perkins, Lorraine A.
Peterson, Jeffrey S.
Phillips, Lyndsay
Pratt, Nancy C.
Ralls, Katherine Dr.
Ramsay, Edward C.
Raphael, Bonnie L.
Rappole, John H.
Read, Bruce W.
Rhinehart, Howard
Rideout, Bruce A.
Robinson, Michael
Ryder, Oliver A.
Samuels, Amy
Schaffer, Nan E. Dr.
Schaller, George B.
Schmidt, P. M.
Scott, Michael D.
Seal, Ulysses S.

Profession Ack ISI AZA Tot
Vet
1
7
5
13
Researcher
1
21
36
58
Researcher
2
6
4
12
Vet
1
11
10
22
Researcher
2
5
3
10
Vet
3
16
18
37
Vet
2
31
29
62
Vet
7 107 15 129
Vet
4
11
1
16
Researcher
5
50
1
56
Vet
1
24
3
28
Curator
3
27
1
31
Vet
5
26
6
37
Researcher
3
34
5
42
Researcher
4
45
2
51
Researcher
2
5
12
19
Vet
4
19
2
25
Curator
2
4
12
18
Researcher
2
5
7
14
Keeper
1
1
9
11
Vet
5
36
3
44
Researcher
2
8
5
15
Researcher
4
33
2
39
Vet
2
26
2
30
Vet
2
28
26
56
Researcher
1
27
1
29
Curator
2
14
9
25
Vet tech
1
3
1
5
Researcher
4
13
10
27
Researcher
1
9
3
13
Researcher
1
56
20
77
Researcher
6
9
3
18
Vet
1
9
6
16
Researcher
4
21
2
27
Researcher
2
10
1
13
Researcher
1
7
1
9
Researcher
7
18
14
39

Fin
Yr
1999
2001
2001
2000
2001
1999
2001
2001
2000
2001
2000
1999
2001
2001
2001
1999
2001
2001
2000
2000
2001
2000
2001
2001
2001
2001
2001
1999
2000
1997
2001
2001
1999
2001
1995
1998
2000

St
Yr
1987
1977
1993
1989
1994
1982
1982
1974
1988
1975
1986
1976
1983
1983
1982
1990
1977
1990
1990
1994
1982
1991
1978
1981
1982
1990
1977
1995
1984
1985
1978
1986
1985
1977
1985
1993
1975

Yr Score
13 1.00
25 2.32
9 1.38
12 1.83
8 1.25
18 2.06
20 3.10
28 4.61
13 1.23
27 2.07
15 1.87
24 1.29
19 1.95
19 2.21
20 2.55
10 1.90
25 1.00
12 1.50
11 1.27
7 1.57
20 2.20
10 1.50
24 1.63
21 1.43
20 2.80
12 2.42
25 1.00
5 1.00
17 1.59
13 1.00
24 3.21
16 1.13
15 1.07
25 1.08
11 1.18
6 1.50
26 1.50
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M / Z/
Name
F N
F
Z Sheppard, Christine
F
Z Smith, Brandie R.
F
Z Stevens, Elizabeth
M Z Swaisgood, Ron R.
F
Z Tell, Lisa A. Dr.
M Z Thompson, Steven
M Z Tilson, Ronald L.
M Z Wack, Raymond F.
M Z Wagner, Robert H.
F
Z Wallace, Roberta S.
M Z Walsh, Michael T.
M Z Wasser, Sam K. Dr.
M Z Wells, Randy S.
F
Z Wells-Mikota, Sue
M Z Wemmer, Christen
M Z Wharton, Daniel C.
M Z Wildt, David E. Dr.
M Z Zuba, Jeffrey R. Dr.

Profession Ack ISI AZA Tot
Curator
1
3
18
22
Keeper
1
3
4
8
Researcher
4
5
5
14
Researcher
1
9
1
11
Vet
2
14
2
18
Curator
3
9
14
26
Researcher
1
16
17
34
Vet
3
15
1
19
Researcher
2
7
1
10
Vet
1
12
12
25
Vet
1
1
7
9
Researcher
2
15
10
27
Researcher
1
26
15
42
Vet
2
6
12
20
Researcher
6
41
8
55
Researcher
2
6
23
31
Researcher
2 171 20 193
Vet
1
9
2
12

Fin
Yr
1999
2001
2000
2001
2000
2001
2001
2001
1997
1999
1999
2001
2001
2001
2001
2001
2001
2001

St
Yr
1984
1997
1989
1997
1992
1987
1982
1991
1991
1987
1995
1987
1984
1990
1975
1981
1978
1990

Yr Score
16 1.38
5 1.60
12 1.17
5 2.20
9 2.00
15 1.73
20 1.70
11 1.73
7 1.43
13 1.92
5 1.80
15 1.80
18 2.33
12 1.67
27 2.04
21 1.48
24 8.04
12 1.00
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Appendix F
Institutional Comparison Chart
Zoo
Atlanta
Audubon
Binder
Biodome
Birmingham
Blank
Bronx
Brookfield
Buffalo
Busch
Calgary
Chaffee
Cincinnati
Cleveland
Columbus
Como
Crane
Dallas
Denver
Detroit
Dickerson Pk
Erie
Fort Worth
Fossil Rim
Gladys Porter
Glen Oak
Henry Doorly
Houston
Indianapolis
Int Ctr Gibbon
Jackson
Jacksonville
John Ball
Kansas City
Knoxville
Lake Superior

Articles Opened
63
1889
10
1914
1
23
1992
5
1
1965
821
1899
187
1934
8
24
24
1929
2
91
1875
7
1882
28
1
24
1973
71
1888
63
19
1928
8
1922
1
2
1909
19
1984
10
1971
3
49
1966
41
1920
15
1964
6
1
1919
14
1981
2
1949
24
1909
4
1947
1
1923

Age
112
87
9
36
102
67

72
126
119

28
113
73
79
92
17
30
35
81
37
82
20
52
92
54
78

Budget Articles 1st ISI ISI Article/
(million) /year article years ISIyear
19.0
0.59
1978
23
2.74
11.4
0.11
1980
21
0.48
1.9
1984
17
0.06
0.39
1995
6
3.83
1985
16
0.31
1.2
0.03
1989
12
0.08
45.0
8.4
1966
35
23.46
46.8
2.91
1972
29
6.45
4.8
1983
18
0.44
75.0
1975
26
0.92
11.9
0.33
1977
24
1,00
2.5
1996
5
0.4
18.8
0.72
1977
24
3.79
10.3
0.06
1985
16
0.44
15.0
1981
20
1.4
1979
22
0.05
1.6
0.89
1977
24
1.00
10.7
0.09
1976
25
2.84
15.6
1976
25
2.52
10.4
0.26
1975
26
0.73
1.4
0.1
1994
7
1.14
1.4
1996
5
0.2
10.0
0.02
1984
17
0.12
2.7
0.59
1992
9
2.11
3.1
0.33
1977
24
0.42
0.7
1988
13
0.23
16.0
0.49
1978
23
2.13
9.3
0.51
1972
29
1.41
11.8
0.41
1979
22
0.68
1994
7
0.86
1.8
0.01
1991
10
0.1
8.0
0.75
1980
21
0.67
2.8
0.04
1976
25
0.08
3.5
0.26
1983
18
1.33
3.0
0.07
1981
20
0.2
1.3
0.01
1998
3
0.33
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Zoo
Articles Opened
Lincoln Park
62
1869
Lion Country
4
Living Desert
2
1970
Los Angeles
36
1966
Louisville
9
1968
Lubee
5
Memphis
22
1906
Mesker
1
Miami
18
1981
Milwaukee
25
1904
Minnesota
41
1978
Montgomery
3
National Zoo
1346
1889
Northwest Trek
1
1975
Oakland
1
1922
Oklahoma City
46
1904
Oregon
15
1959
Palm Beach
1
1960
Philadelphia
39
1874
Phoenix
10
1962
Pittsburgh
16
1898
Potawatomi
1
1917
Potter
1
1917
Pueblo
1
1938
Riverbanks
28
1974
Riverside
1
Roger Williams
17
1872
Sacramento
2
1927
San Antonio
38
1914
San Diego
700
1916
San Francisco
13
1928
Santa Barbara
3
1963
Seneca
1
1894
Sonora
50
1952
St. Louis
117
1913
Toledo
16
1900
Toronto
63
Tracy Aviary
2
1976
Tulsa
10
1927
Utica
3
1916
Vilas
2
1911

Age
132
31
35
33
95
20
97
23
112
26
79
97
42
41
127
39
103
84
84
63
27
129
74
87
85
73
38
107
49
88
101
25
74
85
90

Budget Articles 1st ISI ISI Article/
(million) /year article years ISIyear
16.0
0.48
1973
28
2.14
1977
24
0.17
4.5
0.06
1992
9
0.22
16.0
1.03
1977
24
1.5
8.1
0.27
1973
28
0.32
1994
7
0.71
7.6
0.23
1979
22
1,00
1999
2
0.5
8.0
0.9
1985
16
1.13
13.6
0.27
1982
19
1.32
15.6
1.83
1980
21
1.95
2.4
1992
9
0.33
21.7
12.02
1966
35
38.46
2.0
0.04
1991
10
0.1
5.0
0.01
1994
7
0.14
13.8
0.47
1973
28
1.64
18.0
0.38
1974
27
0.56
2.2
0.02
1999
2
0.5
20.0
0.31
1973
28
1.39
14.6
0.08
1980
21
0.48
9.8
0.16
1989
12
1.33
1.1
0.01
1996
5
0.2
1.2
0.01
1980
21
0.05
8.8
0.02
1989
12
0.08
5.6
1.04
1977
24
1.17
0.7
1987
14
0.07
5.0
0.13
1993
8
2.13
3.2
0.03
1996
5
0.4
8.8
0.44
1978
23
1.65
56.9
8.23
1974
27
25.93
12.5
0.01
1982
19
0.68
5.0
0.08
1985
16
0.19
1.9
0.01
1996
5
0.2
6.7
1.04
1973
28
1.79
24.5
1.34
1974
27
4.33
14.1
0.16
1977
24
0.67
1973
28
2.25
0.7
0.08
1998
3
0.66
3.8
0.14
1981
20
0.5
0.8
0.04
1978
23
0.13
1.5
0.02
1993
8
0.25
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Zoo
Articles Opened
Wild Canid
2
Wildlife Safari
7
1972
Woodland Park
30
1899
Zoo Montana
13
1993

Age
29
102
8

Budget Articles 1st ISI ISI Article/
(million) /year article years ISIyear
1991
10
0.2
2.0
0.24
1974
27
0.26
11.3
0.29
1974
27
1.11
0.7
1.62
1996
5
2.6
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Appendix G
Top Research Producers Ranked by Budget
Institution
National Zoo
Bronx
San Diego
Brookfield
St. Louis
Cincinnati
Dallas
Atlanta
Denver
Lincoln Park
Sonora
Henry Doorly
Oklahoma City
Minnesota
Houston
Philadelphia
San Antonio
Los Angeles
Woodland Park
Columbus
Riverbanks
Milwaukee
Busch/Seaworld
Calgary
Kansas City
Crane
Memphis
Detroit
Fossil Rim
Miami
Roger Williams
Toledo
Pittsburgh
Oregon
Indianapolis
Jacksonville
San Francisco

Pubn Budget
1
6
2
4
3
2
4
3
5
5
6
9
7
26
8
8
8
14
9
12
10
38
11
11
12
19
13
15
13
31
14
7
15
33
16
13
17
25
18
16
18
39
19
20
20
1
20
22
20
46
20
60
22
37
23
27
23
51
24
36
25
41
26
18
26
30
27
10
27
23
28
35
29
21
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Institution
Zoo Montana
Phoenix
Audubon
Tulsa
Gladys Porter
Louisville
Buffalo
Dickerson
Cleveland
Wildlife Safari
Knoxville
Santa Barbara
Montgomery
Utica
Glen Oak
Fort Worth
Living Desert
Sacramento
John Ball
Chaffee
Vilas
Tracy Aviary
Pueblo
Oakland
Palm Beach
Northwest Trek
Binder
Seneca
Jackson
Erie
Lake Superior
Blank
Potter
Potawatomi
Riverside
Toronto
Biodome
Int Cent Gibbon Studies
Lubee
Birmingham
Lion Country
Wild Canid

Pubn Budget
29
72
30
17
30
24
30
45
30
48
31
34
32
43
32
62
33
28
33
56
36
49
37
42
37
53
37
68
37
69
38
29
38
44
38
47
38
50
38
52
38
61
38
71
39
32
39
40
39
54
39
55
39
57
39
58
39
59
39
63
39
64
39
65
39
66
39
67
39
70
8
N/A
21
N/A
34
N/A
35
N/A
35
N/A
36
N/A
38
N/A
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Institution
Mesker
Como

Pubn Budget
39
N/A
39
N/A
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Appendix H
Budget Productivity by Institution (Peer-Reviewed Articles)
Rank
1
2
3
4
5
6
7
8
9
10
11
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
28
29
30
30
31
32
32
33

Zoo
Zoo Montana
National Zoo
Tracy Aviary
Fossil Rim
Crane
Bronx
San Diego
Roger Williams
Kansas City
Glen Oak
Sonora
Dallas
Lake Superior
Palm Beach
Riverbanks
Cincinnati
San Antonio
Potawatomi
St. Louis
Vilas
Utica
Chaffee
Houston
Atlanta
Erie
Miami
Lincoln Park
Brookfield
Pittsburgh
Gladys Porter
Henry Doorly
Memphis
Tulsa
Wildlife Safari
Minnesota
Sacramento
Oklahoma City

Productivity #pub 1999$ Years
Medium
13
0.7
5
High
1,346
21.7 35
Low
2
0.7
3
Medium
19
2.7
9
Medium
24
1.6 24
High
821
45.0 35
High
700
56.9 27
Medium
17
5.0
8
Medium
24
3.5 18
Low
3
0.7 13
Medium
50
6.7 28
Medium
71
10.7 25
Low
1
1.3
3
Low
1
2.2
2
Medium
28
5.6 24
Medium
91
18.8 24
Medium
38
8.8 23
Low
1
1.1
5
Medium
117
24.5 27
Low
2
1.5
8
Low
3
0.8 23
Low
2
2.5
5
Medium
41
9.3 29
Medium
63
19.0 23
Low
1
1.4
5
Medium
18
8.0 16
Medium
62
16.0 28
Medium
187
46.8 29
Medium
16
9.8 12
Low
10
3.1 24
Medium
49
16.0 23
Medium
22
7.6 22
Low
10
3.8 20
Low
7
2.0 27
Medium
41
15.6 21
Low
2
3.2
5
Medium
46
13.8 28

$/pub
0.3
0.6
1.1
1.3
1.6
1.9
2.2
2.4
2.6
3.0
3.8
3.8
3.9
4.4
4.8
5.0
5.3
5.5
5.7
6.0
6.1
6.3
6.6
6.9
7.0
7.1
7.2
7.3
7.4
7.4
7.5
7.6
7.6
7.7
8.0
8.0
8.4
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Rank
34
35
36
37
38
39
40
41
42
42
43
44
45
46
47
48
49
50
51
52
52
53
54
55
56
57
57
58
59

Zoo
Seneca
Riverside
Woodland Park
Milwaukee
Los Angeles
Calgary
Jacksonville
Detroit
Philadelphia
Blank
Knoxville
Indianapolis
Jackson
San Francisco
Northwest Trek
Living Desert
Toledo
Cleveland
Audubon
Louisville
Potter
Santa Barbara
Phoenix
Binder
Oregon
John Ball
Oakland
Fort Worth
Pueblo
Biodome
Birmingham
Buffalo
Busch
Columbus
Como
Denver
Dickerson
Int Ctr Gibbon
Lion Country
Lubee
Mesker
Montgomery

Productivity #pub 1999$ Years
Low
1
1.9
5
Low
1
0.7 14
Medium
30
11.3 27
Medium
25
13.6 19
Medium
36
16.0 24
Medium
24
11.9 24
Low
14
8.0 21
Low
19
10.4 26
Medium
39
20.0 28
Low
1
1.2 12
Low
4
3.0 20
Low
15
11.8 22
Low
1
1.8 10
Low
13
12.5 19
Low
1
2.0 10
Low
2
4.5
9
Low
16
14.1 24
Low
7
10.3 16
Low
10
11.4 21
Low
9
8.1 28
Low
1
1.2 21
Low
3
5.0 16
Low
10
14.6 21
Low
1
1.9 17
Low
15
18.0 27
Low
2
2.8 25
Low
1
5.0
7
Low
2
10.0 17
Low
1
8.8 12
Medium
23
n/a
6
Low
5
n/a 16
Low
8
n/a 18
Low
24
n/a 26
Medium
28
n/a 20
Low
1
n/a 22
Medium
63
n/a 25
Medium
8
n/a
7
Medium
6
n/a
7
Low
4
n/a 24
Low
5
n/a
7
Low
1
n/a
2
Low
3
n/a
9

$/pub
9.5
9.8
10.2
10.3
10.7
11.9
12.0
14.2
14.4
14.4
15.0
17.3
18.0
18.3
20.0
20.3
21.2
23.5
23.9
25.2
25.2
26.7
30.7
32.3
32.4
35.0
35.0
85.0
105.6
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Rank

Zoo
Toronto
Wild Canid

Productivity #pub 1999$ Years
Medium
63
n/a 28
Low
2
n/a 10

$/pub
n/a
n/a
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Appendix I
Budget Productivity by Institution (Research Acts)

Institution
Akron
Atlanta
Audubon
Baltimore
Binder
Biodome
Birmingham
Blank
Bronx
Brookfield
Buffalo
Caldwell
Calgary
Central Florida
Chaffee
Cheyenne Mtn
Cincinnati
Cleveland
Columbus
Como
Dallas
Denver
Detroit
Dickerson
Disney
El Paso
Erie
Fort Wayne
Fort Worth
Fossil Rim
Gladys Porter
Glen Oak
Granby
Henry Doorly
Henry Vilas
Honolulu
Houston
Indianapolis

Peerreviewed
Articles
0
63
10
0
1
23
5
1
821
187
8
0
24
0
2
0
91
7
28
1
71
63
19
8
0
0
1
0
2
19
10
3
0
49
2
0
41
15

Research
Acts
1
190
126
1
5
1
1
1
839
429
2
8
34
1
1
15
95
61
84
1
303
200
55
6
26
4
1
4
44
28
33
3
3
140
9
1
22
57

Research
Participants
1
43
27
11
3
1
1
1
115
80
2
2
6
1
1
3
17
20
14
1
83
42
25
2
17
2
1
2
20
7
11
1
1
13
6
1
11
33

Budget
'99($million)
19.0
11.4
1.9
N/A
N/A
1.2
45.0
46.8
4.8
11.9
2.5
18.8
10.3
15,0
N/A
10.7
15.6
10.4
1.4
1.4
10.0
2.7
3.1
0.7
16.0
1.5
9.3
11.8

Research
Score
10.00
11.10
2.63
0.83
18.60
9.17
0.42
2.86
0.40
5.05
5.92
5.60
28.30
12.80
5.29
4.29
0.71
4.40
10.40
10.60
4.29
8.75
6.00
2.37
4.83
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Institution
Int Cent Gibbon St
Intl Crane Fdn
Jackson
Jacksonville
John Ball
Kansas City
Knoxville
Lake Superior
Lincoln Park
Lion Country
Living Desert
Los Angeles
Louisville
Lowry
Lubee
Memphis
Mesker
Miami
Milwaukee
Minnesota
Montgomery
Moody Gardens
National Zoo
North Carolina
Northwest Trek
Oakland
Oklahoma City
Oregon
Palm Beach
Philadelphia
Phoenix
Pittsburgh
Point Defiance
Potawatomi
Potter
Pueblo
Riverbanks
Riverside
Roger Williams
Sacramento
San Antonio
San Diego
San Francisco

Peerreviewed
Articles
6
24
1
14
2
24
4
1
62
4
2
36
9
2
5
22
1
18
25
41
3
1
1,346
0
1
1
46
15
1
39
10
16
0
1
1
1
28
1
17
2
38
700
13

Research
Acts
23
77
2
44
2
63
26
1
191
1
2
160
6
3
12
20
1
48
71
111
3
1
1,983
27
8
11
84
29
5
65
34
37
8
1
1
1
89
18
37
45
54
911
93

Research
Participants
11
23
2
18
1
14
9
1
32
1
1
42
7
3
4
8
1
3
16
21
1
1
215
10
3
3
18
19
3
28
20
10
8
1
1
1
17
1
12
10
17
107
22

Budget
'99($million)
N/A
1.6
1.8
8.0
2.8
3.5
3.0
1.3
16.0
N/A
4.5
16.0
8.1
7.9
N/A
7.6
N/A
8.0
13.6
15.6
2.4
21.7
2.0
5.0
13.8
18.0
2.2
20.0
14.6
9.8
1.1
1.2
8.8
5.6
0.7
5.0
3.2
8.8
56.9
12.5

Research
Score
48.10
1.11
5.50
0.71
18.00
8.67
0.77
11.90
0.44
10.00
0.74
0.38
2.63
6,00
5.22
7.12
1.25
91.40
4,00
2.20
6.09
1.56
2.27
3.25
2.33
3.78
0.91
0.83
0.11
15.90
25.70
7.40
285.00
6.14
16.00
7.44

252

Institution
Santa Ana
Santa Barbara
Seaworld/Busch
Sedgwick County
Seneca
Six Flags Califor
Sonora
St. Louis
Sunset
Syracuse
Toledo
Topeka
Toronto
Tracy Aviary
Tucson
Tulsa
Utica
Virginia
White Oak
Wild Canid
Wildlife Safari
Wilds
Woodland Park
Zoo Montana

Peerreviewed
Articles
2
3
24
0
1
2
50
117
0
0
16
0
63
2
0
10
3
0
0
2
7
0
30
13

Research
Acts
3
3
110
36
3
3
37
323
1
3
38
3
176
2
1
35
3
1
1
2
7
1
63
21

Research
Participants
1
1
33
11
3
1
19
43
1
3
7
3
38
1
1
11
1
1
1
1
4
1
33
4

Budget
'99($million)
1.2
5.0
75.0
1.9
6.7
24.5
14.1
N/A
0.7
3.8
0.8
N/A
2.0
11.3
0.7

Research
Score
2.50
0.60
1.49
1.58
9.25
13.20
2.70
2.86
16.60
3.75
3.50
5.58
30.00
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Appendix J
Periodicals containing Zoo Research
Sources: AZA Annual Publication Lists (Lankard, 1998, 1999, 2000), Journals and
Newsletters Received by Zoo and Aquarium Libraries (Gordon, 1998), National Zoological
Park Staff Publications 1912-1989 (Kenyon, 1989), Wildlife Conservation Society staff
bibliography (Johnson, 2003).
AAZPA Communique
AAZPA Newsletter
AC Int Transport Hotel & Tourism Mag
Acta Chiropterologica
Acta Geneticae Medicae & Gemellol.
Acta Protozoologica
Acta Zoologica Et Pathologica
Antverpiensia
Administration & Soc.
Advances in Herpetoculture
African J Ecology
African Primate
African Wildlife Leadership Fdn News
African Wildlife Update
African Zoology
Aggressive Behavior
Aids Res. & Human Retrovirus es
Alcheringa
Ambio
American Anthropologist
American Biol. Teacher
American Fern J
American J Archaeology
American J Botany
American J Medical Technology
American J Occupational rapy
American J Pathology
American J Physical Anthropology
American J Physiolo gy
American J Primatology
American J Tropical Med & Hygiene
American J Veterinary Research
American Midland Naturalist
American Museum Novitates
American Naturalist
Amer Pheasant & Waterfowl Soc Mag

American Scientist
American Zoologist
Amphibian Voice
Amp hibia-Reptilia
Analytical Chemistry
Anatomia Histologia Embryologia
Anatomical Record
Anatomy & Embryology
Anima [Japan]
Animal Behaviour
Animal Conservation
Animal Feed Science & Technology
Animal Genetics
Animal Keepers Forum
Animal Kingdom
Animal Learning & Behavior
Animal Reproduction Science
Animal Welfare
Animals
Annals Entomological Soc. America
Annals Missouri Botanical Garden
Annals New York Academy Sciences
Annual Review Fish Diseases
Anthropologie
Anthrozoos
Antiquity
Appetite
Applied & Environmental MicroBiol.
Applied Animal Behaviour Science
Applied Animal Ethology
Aquaculture
Aquarium Fish Magazine
Aquarium Frontiers Online
Aquatic Mammals
Archives Andrology
Archives General Psychiatry
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Archives Virology
Ardea
Around horn
Arquivos de Zoologia (S ao Paulo)
Arthritis & Rheumatism
Asian primates
Ass. Zool. Horticulture Newsletter
Atoll Res. Bulletin
Audubon
Auk
Australian J Ecology
Australian J Zoology
Australian Natural History
Australian Veterinary J
Avian Diseases
Avian Pathology
Avicultural Magazine
Aviculture Magazine
Bats
BBC Wildlife
Behavior Res. Methods & Instrumentation
Behavioral & Brain Sciences
Behavioral & Neural Biol.
Behavioral Biology
Behavioral Ecology
Behavioral Ecology & SocioBiol.
Behaviour
Behavioural Processes
Bild der Wissenschaft
Biochemical Systematics & Ecology
Biochemistry
Biochemistry & Cell Biol.-Biochimie &
Biologie Cellulaire
Biodiversity & Conservation
Biological Bulletin
Biological Conservation
Biological J Linnean Soc.
Biological Psychiatry
Biological Reproduction Sup plement
Biologicals
Biologist
Biol. Conservation
Biol. Reproduction
Biol. Neonate
Bioscience
Biotechniques

Biotropica
Bird Behaviour
Bird Conservation International
Birds International
Blair & Ketchums Country J
Blood Cells Molecules & Diseases
Brain Behavior & Evolution
Brain Res.
British J Nutrition
British J Pharmacology
Brittonia
Bryologist
Bulletin Environmental Contam. & Tox.
Bulletin Marine Science
Bulletin African Bird Club
Bulletin Aquatic Conservation Netwk
Bulletin Ass. Reptilian & Amphib Vets
Bulletin Chicago Herpetological Soc.
Bulletin Ecological Soc. America
Bulletin Psychonomic Soc.
Bulletin Torrey Botanical Club
Bureaucrat
Cage & Aviary Birds
Caldasia
California Fish & Game
Canadian Ass. Zoo & Wildlife Vet News
Canadian J Botany
Canadian J Comparative Medicine
Canadian J Fisheries & Aquatic Sciences
Canadian J Forest Res.
Canadian J Veterinary Res.
Canadian J Zoology
Canadian Veterinary J
Cancer Genetics & Cytogenetics
Cancer Res.
Canopee
Caribbean J Science
Carnivore
Cat News
CBSG News
Chelonian Conservation & Biol.
Chemical Senses
Chemoecology
Chemosphere
Children's Environments Quarterly
Chinese Nature
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Chromosoma
Chromosome Res.
Cichlid Index
Ciencia Hoje
Circulation Research
Cleft Palate-Craniacial J
Clinical Chemistry
Clinical Infectious Diseases
Clinical Toxicology
Coastal Management
Coastal Ocean Pollution Assess Newsl
Coleopterists Bulletin
Colonial Waterbirds
Communique
Companion Animal Practice
Comparative Biochem & Physiology A
Comparative Biochem & Physiology B
Comparative Medicine
Comparative Parasitology
Compendium on Cont. Educ. Pract'g Vet
Comptes Rendus Academie Sciences II
Computerized Medical Imag & Graphics
Condor
Conservation Biol.
Conservationist
Contemporary Topics in Lab Animal Sci
Cooley's Anemia Quarterly
Copeia
Coral Reefs
Cotinga
Crustaceana
CryoBiol.
Current
Current Biol.
Current J Marine Education
Cytobios
Cytogenetics & Cell Genetics
Cytologia
Defenders
Department Biol. Yale University
Deutsche Killifische Gemeinschafte J
Development & Change
Developmental Brain Res.
Developmental Psychobiology
Discover
Dodo

East African Wildlife J
Ecography
Ecologia en Boliva
Ecological Applications
Ecological Economics
Ecological Modelling
Ecological Monographs
Ecology
Ecology Letters
Economic Botany
Ecosystems
Ecosystems Modeling
Ecotropica
El Horneo
Elephant [Elephant Interest Group]
Emerging Infectious Diseases
Emu
Endangered Species Bulletin
Endangered Species Update
Endocrinology
Entomological News
Environment & Behavior
Environmental Biol. Fishes
Environmental Conservation
Environmental Health Perspectives
Environmental Management
Environmental Pollution
Equine Practice
Erkrankungen der Zootiere (Berlin)
Ethology
Ethology & Sociobiology
Evolution
Evolutionary Theory
Exhibitionist
Exotic Animal Dentistry Conference
Exotic Pet Practice
Experientia
Experimental Parasitology
FASEB J
Febs Letters
Feline Practice
Fertility & Sterility
Fish Health Section Newsletter
Fisheries Management & Ecology
Fishery Bulletin
Florida Scientist
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Folia Primatologica
Food & Chemical Toxicology
Food Insect Newsletter
Forest Ecology & Management
Forum for Applied Res. & Public Policy
Fremontia
Frontiers
Functional Ecology
Game Bird & Conservationists' Gazette
Gamete Res.
Gastroenterology
General & Comparative Endocrinology
General Pharmacology
Genes & Development
Genetica
Genetical Research
Genetics
Geo
Geographical Review
Global Ecology & Biogeography
Great Basin Naturalist Memoirs
Haseltonia
Hearing Res.
Helminthological Soc. Washington
Hepatology
Herpetologica
Herpetological J
Herpetological Monographs
Herpetological Review
Hormones & Behavior
Horticulture
Human Ecology
Hydrobiologia
Ibis
Immunogenetics
Immunology
In Vitro Cellular & Developmental Biol.
Industrial Photography
Infection & Immunity
Informal Science Review
Information Report-Animal Welfare Inst
Informes Técnicos Plan Cost Pantagónic
InterAct
Interciencia
Interdisciplinary Science Reviews
International Ass. Zoo Educators J

International J for Parasitology
International J Study Animal Problems
International J Vitamin & Nutrition Res.
International J Biometeorology
International J Fertility
International J Invertebrate Reproduct.
International J Peptide & Protein Res.
International J Primatology
International J Remote Sensing
International J Vitamin & Nutrition Res.
International Wildlife
International Zoo News
International Zoo Yearbook
Interpreter
Intervirology
Investigative Ophthal. & Visual Science
Islands
IUCN African Eleph & Rhino Grp News
IUCN Bulletin
IUCN/SSC Canid Specialist Publication
JAMA-J American Medical Ass.
JEMA (J Elephant Managers' Ass.)
J für Ornithologie
J Agricultural & Environmental Ethics
J Agricultural & Food Chemistry
J Analytical Toxicology
J Anatomy
J Andrology
J Animal Ecology
J Animal Science
J Applied Behavior Analysis
J Applied Ecology
J Aquaculture
J Aquatic Animal Health
J Aquatic Science
J Arachnology
J Arid Environments
J Assisted Reproduction & Genetics
J Australian Zoology
J Avian Biol.
J Avian Medicine & Surgery
J Biological Chemistry
J Biosciences
J Bromeliad Soc.
J Chemical Ecology
J Clinical Endocrinology & Metabolism
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J Clinical MicroBiol.
J Comparative & Physiological Psychol.
J Comparative Neurology
J Comparative Pathology
J Comparative Physiology A
J Comparative Physiology B
J Comparative Psychology
J Dairy Res.
J Developmental & Behavioral Pediatrics
J Ecology
J Endocrinology
J Equine Medicine & Surgery
J Equine Veterinary Science
J Ethnopharmacology
J Ethology
J Eukaryotic Microbiol.
J Experimental Biol.
J Experimental Marine Biol. & Ecology
J Experimental Medicine
J Experimental Zoology
J Field Ornithology
J Fish Biol.
J Fish Diseases
J Forensic Sciences
J Gastrointestinal Surgery
J Gerontology
J Graphic Design
J Heredity
J Herpetology
J Human Evolution
J Infectious Diseases
J Lipid Res.
J Mammalogy
J Medical Entomology
J Medical Primatology
J Medical Virology
J Membrane Biol.
J Molecular Evolution
J Morphology
J Museum Education
J Natural Products
J Nervous & Mental Disease
J Nonverbal Behavior
J Nutrition
J Outdoor Education
J Paleontology

J Parasitology
J Pathology
J Pediatric Surgery
J Pharmaceutical Sciences
J Phycology
J Physiology
J Protozoology
J Raptor Res.
J Reproduction & Fertility
J Reproductive Immunology
J Rheumatology
J Steroid Biochemistry & Molecul. Biol.
J Submicroscopic Cytology & Pathol.
J Acoustical Soc. America
J American Animal Hospital Ass.
J American Chemical Soc.
J American Cichlid Ass.
J American Dental Ass.
J American Killifish Ass.
J American Mosquito Control Ass.
J American Veterinary Medical Ass.
J American Veterinary Radiology Soc.
J Bombay Natural History Soc.
J Georgia Entomological Soc.
J Helminthological Soc. Washington
J International Ass. Zoo Educators
J Kansas Entomological Soc.
J Marine Biological Ass. UK
J National Cancer Institute
J South African Veterinary Ass.
J Southwest
J Theoretical Biol.
J Tropical Ecology
J Ultrasound in Medicine
J Ultrastructure & Molec. Structure Res.
J Veterinary Diagnostic Investigation
J Veterinary Pharmacol & Therapeutics
J Virology
J Wildlife Diseases
J Wildlife Management
J Wildlife Rehabilitation
J Zoo & Wildlife Medicine
J Zoology
J Science Soc. Thailand
Js Gerontology
Kidney International
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Lab Animal
Laboratory Animal Science
Laboratory Animals
Laboratory Investigation
Laboratory Primate Newsletter
Lethaia
Letters in Applied Microbiology.
Lipids
Living Bird Quarterly
Mada-Hebrew Scie nce J
Malayan Nature J
Mammal Review
Mammalia
Mammalian Biol.
Mammalian Genome
Mammalian Species
Mammology
Marine & Freshwater Research
Marine Behaviour & Physiology
Marine Biol.
Marine Ecology-Progress Series
Marine Ecology-Pubbl Stazione Zool
Marine Environmental Res.
Marine Mammal Science
Marine Ornithology
Marine Pollution Bulletin
Mastozoologia Neotropical
Mechanisms Ageing & Development
Memorias de Taller
Memorias Do Instituto Oswaldo Cruz
Michigan Bird & Game Breeders Ass.
Modern Veterinary Practice
Molecular & Cellular Endocrinology
Molecular Biol. & Evolution
Molecular Ecology
Molecular Ecology Notes
Molecular Phylogenetics & Evolution
Molecular Reproduction & Development
Mosby's Exotic Pet Practice
Mount Sinai J Medicine
Mountain Research & Development
Museum News
Mutation Res.
Mycologia
Mycopathologia
National Geographic

National Geographic Res.
Natura
Natural Areas J
Natural History
Natural History Bulletin Siam Soc.
Natural Resources J
Nature
Nature Genetics
Nature-New Biol.
Naturwissenschaften
Neotropical Primates
New Methods: J Anim Health Tech.
New Scientist
New York State Conservationist
New York State J Medicine
New York State Museum Bulletin
New York Times School Weekly
Newsletter for Birdwatchers
Newsletter Internat. Ass. Zoo Educators
Nordisk Herpetologisk Forening
Norastern Naturalist
Notes from NOAH
Novon
Nuclear Instr & Methods Physics Res B
Nucleic Acids Res.
Obstetrics & Gynecology
Oceanus
Oecologia
Ohio J Science
Oikos
Omni
Onderstepoort J Veterinary Res.
Ornis Fennica
Ornitologia Neotropical
Oryx
Ostrich
Ostrich News
Outdoor Communicator
Pachyderm
Pacific Discovery
Palaeontology
Palaios
Paleobiology
Papeis Avulsos de Zoologia
Parrotletter
PDA J Pharmaceutical Sci & Tech
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Pediatric Infectious Disease J
Penguin Conservation
Peptides
Pest Control
Pesticides Monitoring J
Phi Delta Kappan
Philosoph Trans Royal Soc. London B
Photogrammetric Engineering & Remote
Sensing
Physiological & Biochemical Zoology
Physiological Zoology
Physiology & Behavior
Phytochemistry
Piano Quarterly
Placenta
Plant & Soil
Plant Cell Reports
Plant Cell Tissue & Organ Culture
Plant Ecology
Plant Physiology
Poultry & Avian Biol. Reviews
Primate Conservation
Primates
Print
Proceedings American Philosoph Soc.
Proceedings Entomological Soc. Wash.
Proceedings Helminthol Soc. Washing.
Proceedings National Acad Sci USA
Proceedings Nutrition Soc.
Proceedings Royal Soc. London Series B
Proceedings Soc. Exper. Biol. & Med.
Production Planning & Control
Professional Safety
Progressive Fish-Culturist
Prostaglandins
Prostate
Psychological Record
Psychological Reports
Quarterly Review Biol.
Quaternary Res.
Rangelands
Ranger Rick's Nature Magazine
Rattlesnake Tales
Reef Encounter
Regulatory Peptides
Re-introduction News

Renewable Resources J
Reproduction
Reproduction Fertility & Deve lopment
Reptiles
Reptilia
Research & Exploration
Research in Veterinary Science
Respiration Physiology
Restoration Ecology
Review Palaeobotany & Palynology
Revista De Biologia Tropical
Revue Scient. & Tech Off Int Epizoot
Ripples
Round Table Reports
Sanctuary
Sarawak Gazette
Sarawak Museum J
Sarsia
Saugetierkundliche Mitteilungen
Science
Science in China Series C-Life Sciences
Sciences-New York
Scientia Guaianae
Scientific American
Sci- Tech Libraries
SCOPUS
Sea Frontiers
SeaScope
Seed Science & Technology
Selamta [Ethiopian Airlines]
Seminars in Arthritis & Rheumatism
Seminars in Avian & Exotic Pet Medicine
Seminars in Roentgenology
Shape Enrichment
Shark News
Skeletal Radiology
Small Carnivore Conservation
Small Ruminant Res.
Smithsonian
Soc. for Conservation Biol. Newsletter
Soil Biol. & Biochemistry
Sound & Video Contractor
Soundings (IMATA)
South African J Wildlife Res.
Southwestern Naturalist
Special Libraries
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Species
SSAR Herp. Review
Statesman (Calcutta India)
Steroids
Swara
Systematic Biology
Systematic Botany
Systematic Parasitology
Tamarin
Teaching Psychology
Tetrahedron Letters
Texas J Science
Theriogenology
Tier
Toxicon
Trace Elements & Electrolytes
Traffic Bulletin
Traffic USA
Tragopan
Transactions Amer Microscopical Soc.
Transactns NA Wildlife & Nat Res Conf
Trends in Ecology & Evolution
Trinity Reporter
Tropical Biodiversity
Turrialba
Urban Audubon
Varanews
Vegetatio
Veliger
Verhandlungsbericht Erkranken Zootiere
Veterinary & Comp Orthop & Trauma.
Veterinary Clinics North America-Food
Animal Practice
Veterinary Clinics NA-Large Animal Pr
Veterinary Immunology & Immunopath.
Veterinary Med & Small Animal Clinic.
Veterinary Microbiology
Veterinary Parasitology
Veterinary Pathology
Veterinary Record
Veterinary Res. Communications
Vida Silvestre Neotropical
Virchows Archiv A-Pathological Anatomy
& Histopathology
Virus Research
Vivarium

Walia (J Ethiopia Wildl & Nat Hist Soc.)
Water Res.
Waterbirds
WCI News
Western J Medicine
Wild Earth
Wildlife Conservation
Wildlife J
Wildlife News
Wildlife Res.
Wildlife Society Bulletin
Wilson Bulletin
Wood & Fiber Science
World
World Conservation
World Development
World Pheasant Ass. J
World Pheasant Ass. News
Zeitschrift Fur Jagdwissenschaft
Zeitschrift Fur Naturforschung C
Zeitschrift Fur Saugetierkunde-Int'l J
Mammalian Biol.
Zeitschrift Fur Tierpsychologie-J
Comparative Ethology
Zoo
Zoo Biol.
Zoo Review (Los Angeles Zoo)
Zoo View
Zoogoer
Zoologica
Zoological J Linnean Soc.
Zoologische Garten
Zoologische Tiepsychologie
Zoologischer Anzeiger
Zoonooz
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Appendix K
Peer Reviewed Journals Containing Zoo Research
Journal
Acta Chiropterologica
Acta Geneticae Medicae Et Gemellologiae
Acta Protozoologica
Acta Zoologica Et Pathologica Antverpiensia
Administration & Society
African Journal of Ecology
African Zoology
Aggressive Behavior
Aids Research & Human Retroviruses
Alcheringa
Ambio
American Anthropologist
American Biology Teacher
American Fern Journal
American Journal of Archaeology
American Journal of Medical Technology
American Journal of Occupational Therapy
American Journal of Pathology
American Journal of Physical Anthropology
American Journal of Physiology
American Journal of Primatology
American Journal of Tropical Medicine & Hygiene
American Journal of Veterinary Research
American Midland Naturalist
American Naturalist
American Scientist
American Zoologist
Amphibia-Reptilia
Analytical Chemistry
Anatomia Histologia Embryologia-Journal of Veterinary Medicine Series C
Anatomical Record
Anatomy & Embryology
Animal Behaviour
Animal Feed Science & Technology
Animal Genetics
Animal Learning & Behavior
Animal Reproduction Science

Articles
3
1
2
4
1
36
1
2
1
1
2
1
1
3
1
1
1
3
12
1
87
3
31
5
17
1
22
4
1
1
3
3
54
1
2
2
17
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Journal
Animal Welfare
Annals of the Entomological Society of America
Anna ls of the Missouri Botanical Garden
Annals of the New York Academy of Sciences
Anthropologie
Anthrozoos
Antiquity
Appetite
Applied & Environmental Microbiology
Applied Animal Behaviour Science
Applied Animal Ethology
Aquaculture
Archives of Andrology
Archives of General Psychiatry
Archives of Virology
Ardea
Arthritis & Rheumatism
Audubon
Auk
Australian Journal of Zoology
Australian Veterinary Journal
Avian Diseases
Avian Pathology
Behavior Research Methods & Instrumentation
Behavioral & Brain Sciences
Behavioral & Neural Biology
Behavioral Biology
Behavioral Ecology
Behavioral Ecology & Sociobiology
Behaviour
Behavioural Processes
Biochemical Systematics & Ecology
Biochemistry
Biochemistry & Cell Biology-Biochimie Et Biologie Cellulaire
Biodiversity & Conservation
Biological Bulletin
Biological Conservation
Biological Journal of the Linnean Society
Biological Psychiatry
Biologicals
Biologist
Biology of Reproduction

Articles
3
1
1
2
1
1
1
2
1
18
2
1
1
1
5
1
1
1
38
4
2
9
2
1
4
3
6
6
32
16
2
6
1
1
9
1
45
4
1
1
1
55
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Journal
Biology of the Neonate
Bioscience
Biotechniques
Biotropica
Bird Conservation International
Blood Cells Molecules & Diseases
Brain Behavior & Evolution
Brain Research
British Journal of Nutrition
British Journal of Pharmacology
Brittonia
Bryologist
Bulletin of Environmental Contamination & Toxicology
Bulletin of Marine Science
Bulletin of the Psychonomic Society
Bulletin of the Torrey Botanical Club
Bureaucrat
Canadian Journal of Botany-Revue Canadienne De Botanique
Canadian Journal of Comparative Medicine
Canadian Journal of Fisheries & Aquatic Sciences
Canadian Journal of Forest Research
Canadian Journal of Veterinary Research
Canadian Journal of Zoology-Revue Canadienne De Zoologie
Canadian Veterinary Journal-Revue Veterinaire Canadienne
Cancer Genetics & Cytogenetics
Cancer Research
Caribbean Journal of Science
Carnivore
Chemical Senses
Chemoecology
Chemosphere
Chromosoma
Chromosome Research
Circulation Research
Cleft Palate-Craniofacial Journal
Clinical Chemistry
Clinical Chemistry
Clinical Toxicology
Coastal Management
Coleopterists Bulletin
Colonial Waterbirds
Companion Animal Practice

Articles
3
9
2
21
5
1
2
1
2
1
1
2
1
3
7
1
1
1
1
6
3
2
42
2
1
2
1
1
1
2
1
8
4
1
1
1
1
1
1
1
3
2
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Journal
Articles
Comparative Biochemistry & Physiology A-Molecular & Integrative Physio
3
Comparative Biochemistry & Physiology a-Physiology
12
Comparative Biochemistry & Physiology B-Biochem & Molecular Biology
7
Comparative Medicine
3
Comparative Parasitology
1
Compendium on Co ntinuing Education for the Practicing Veterinarian
7
Comptes Rendus Academie Sciences Serie II Fas A- Sciences Terre & Planet
1
Computerized Medical Imaging & Graphics
1
Condor
35
Conservation Biology
71
Conservationist
1
Contemporary Topics in Laboratory Animal Science
2
Copeia
31
Coral Reefs
6
Cryobiology
11
Current Biology
1
Cytobios
2
Cytogenetics & Cell Genetics
17
Cytologia
1
Development & Change
1
Developmental Brain Research
1
Developmental Psychobiology
13
Dodo
2
East African Wild life Journal
1
Ecography
3
Ecological Applications
11
Ecological Economics
1
Ecological Modelling
4
Ecological Monographs
2
Ecology
14
Ecology Letters
1
Economic Botany
3
Ecosystems
1
Emerging Infectious Diseases
3
Emu
4
Endocrinology
6
Environment & Behavior
3
Environmental Biology of Fishes
2
Environmental Conservation
5
Environmental Health Perspectives
2
Environmental Management
4
Environmental Pollution
1
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Journal
Equine Practice
Ethology
Ethology & Sociobiology
Evolution
Evolutionary Theory
Exotic Pet Practice
Experientia
Experimental Parasitology
Febs Letters
Feline Practice
Fertility & Sterility
Fisheries Management & Ecology
Fishery Bulletin
Folia Primatologica
Food & Chemical Toxicology
Forest Ecology & Management
Functional Ecology
Gamete Research
Gastroenterology
General & Comparative Endocrinology
General Pharmacology
Genes & Development
Genetica
Genetical Research
Genetics
Geographical Review
Global Ecology & Biogeography
Haseltonia
Hearing Research
Hepatology
Herpetologica
Herpetological Journal
Herpetological Monographs
Hormones & Behavior
Horticulture
Human Ecology
Hydrobiologia
Ibis
Immunogenetics
Immunology
In Vitro Cellular & Developmental Biology
Industrial Photography

Articles
1
10
1
9
1
1
4
1
2
2
3
1
4
27
1
7
1
3
2
23
1
1
5
1
2
1
3
1
1
1
15
1
2
4
2
6
2
8
1
1
1
1
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Journal

Articles
Infection & Immunity
3
Interciencia
2
Interdisciplinary Science Reviews
2
International Journal for Parasitology
1
International Journal for the Study of Animal Problems
2
Internatio nal Journal for Vitamin & Nutrition Research
1
International Journal of Biometeorology
1
International Journal of Fertility
1
International Journal of Invertebrate Reproduction
1
International Journal of Peptide & Protein Research
1
International Jour nal of Primatology
30
International Journal of Remote Sensing
1
International Wildlife
2
Intervirology
1
Investigative Ophthalmology & Visual Science
1
Jama-Journal of the American Medical Association
2
Journal of Agricultural & Environmental Ethics
1
Journal of Agricultural & Food Chemistry
1
Journal of Analytical Toxicology
1
Journal of Anatomy
1
Journal of Andrology
8
Journal of Animal Ecology
1
Journal of Animal Science
5
Journal of Applied Behavior Analysis
1
Journal of Applied Ecology
3
Journal of Arachnology
2
Journal of Arid Environments
1
Journal of Assisted Reproduction & Genetics
1
Journal of Avian Biology
6
Journal of Avian Medicine & Surgery
13
Journal of Biological Chemistry
1
Journal of Biosciences
1
Journal of Chemical Ecology
15
Journal of Clinical Endocrinology & Metabolism
1
Journal of Clinical Microbiology
1
Journal of Comparative & Physiological Psychology
1
Journal of Comparative Neurology
1
Journal of Comparative Pathology
9
Journal of Comparative Physiology a-Sensory Neural & Behavioral Physiol
1
Journal of Comparative Physiology B-Biochemical Systemic & Env Physiol
8
Journal of Comparative Psychology
6
Journal of Dairy Research
1
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Journal
Journal of Developmental & Behavioral Pediatrics
Journal of Ecology
Journal of Endocrinology
Journal of Equine Medicine & Surgery
Journal of Equine Veterinary Science
Journal of Ethnopharmacology
Journal of Ethology
Journal of Eukaryotic Microbiology
Journal of Experimental Biology
Journal of Experimental Marine Biology & Ecology
Journal of Experimental Medicine
Journal of Experimental Zoology
Journal of Field Ornithology
Journal of Fish Biology
Journal of Fish Diseases
Journal of Forensic Sciences
Journal of Gastrointestinal Surgery
Journal of Heredity
Journal of Herpetology
Journal of Human Evolution
Journal of Infectious Diseases
Journal of Lipid Research
Journal of Mammalogy
Journal of Medical Entomology
Journal of Medical Primatology
Journal of Medical Virology
Journal of Membrane Biology
Journal of Molecular Evolution
Journal of Morphology
Journal of Natural Products
Journal of Nervous & Mental Disease
Journal of Nonverbal Behavior
Journal of Nutrition
Journal of Paleontolo gy
Journal of Parasitology
Journal of Pathology
Journal of Pediatric Surgery
Journal of Pharmaceutical Sciences
Journal of Phycology
Journal of Protozoology
Journal of Raptor Research
Journal of Reproduction & Fertility

Articles
1
2
4
1
1
1
4
1
4
6
1
27
19
1
3
1
1
22
33
1
3
1
88
2
17
2
1
3
4
1
1
1
6
1
9
1
1
2
2
5
1
78
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Journal
Journal of Reproductive Immunology
Journal of Rheumatology
Journal of Steroid Biochemistry & Molecular Biology
Journal of Submicroscopic Cytology & Pathology
Journal of the Acoustical Society of America
Journal of the American Animal Hospital Association
Journal of the American Chemical Society
Journal of the American Dental Association
Journal of the American Mosquito Control Association
Journal of the American Veterinary Medical Association
Journal of the American Veterinary Radiology Society
Journal of the Helminthological Society of Washington
Journal of the Kansas Entomological Society
Journal of the Marine Biological Association of the United Kingdom
Journal of the National Cancer Institute
Journal of the South African Veterinary Association
Journal of the Southwest
Journal of Theoretical Biology
Journal of Tropical Ecology
Journal of Ultrasound in Medicine
Journal of Ultrastructure & Molecular Structure Research
Journal of Veterinary Diagnostic Investigation
Journal of Veterinary Pharmacology & Therapeutics
Journal of Virology
Journal of Wildlife Diseases
Journal of Wildlife Management
Journal of Wildlife Rehabilitation
Journal of Zoo & Wildlife Medicine
Journal of Zoology
Journals of Gerontology
Kidney International
Lab Animal
Laboratory Animal Science
Laboratory Animals
Laboratory Investigation
Lethaia
Letters in Applied Microbiology
Lipids
Mammal Review
Mammalia
Mammalian Biology
Mammalian Genome

Articles
1
1
2
1
1
1
1
1
1
216
8
8
1
1
4
2
2
2
7
1
1
10
1
11
80
31
1
472
38
1
1
3
21
1
1
1
1
4
1
24
1
1

269

Journal
Marine & Freshwater Research
Marine Behaviour & Physiology
Marine Biology
Marine Ecology-Progress Series
Marine Ecology-Pubblicazioni Della Stazione Zoologica Di Napoli I
Marine Environmental Research
Marine Mammal Science
Marine Pollution Bulletin
Mechanisms of Ageing & Development
Memorias Do Instituto Oswaldo Cruz
Modern Veterinary Practice
Molecular & Cellular Endocrinology
Molecular Biology & Evolution
Molecular Ecology
Molecular Ecolo gy Notes
Molecular Phylogenetics & Evolution
Molecular Reproduction & Development
Mount Sinai Journal of Medicine
Mountain Research & Development
Museum News
Mutation Research-Fundamental & Molecular Mechanisms of Mutagenesis
Mutation Research-Genetic Toxicology & Environmental Mutagenesis
Mycologia
National Geographic
National Geographic Research
Natural Areas Journal
Natural History
Natural Resources Journal
Nature
Nature Genetics
Nature-New Biology
Naturwissenschaften
New Scientist
New York State Journal of Medicine
Northeastern Naturalist
Novon
Nuclear Instruments & Methods in Physics Research Section B
Nucleic Acids Research
Obstetrics & Gynecology
Oceanus
Oecologia
Ohio Journal of Science

Articles
1
1
4
2
1
1
28
1
1
1
4
1
3
28
5
6
8
1
1
3
1
1
1
1
4
2
20
2
19
3
1
1
1
1
1
1
1
2
2
1
17
1

270

Journal
Oikos
Onderstepoort Journal of Veterinary Research
Ornis Fennica
Oryx
Ostrich
Palaeogeography Palaeoclimatology Palaeoecology
Palaeontology
Palaios
Paleobiology
Pda Journal of Pharmaceutical Science & Technology
Pediatric Infectious Disease Journal
Peptides
Pest Control
Pesticides Monitoring Journal
Phi Delta Kappan
Philosophical Transactions Royal Society of London Ser B-Biol Sciences
Photogrammetric Engineering & Remote Sensing
Physiological & Biochemical Zoology
Physiological Zoology
Physiology & Behavior
Phytochemistry
Piano Quarterly
Placenta
Plant & Soil
Plant Cell Reports
Plant Cell Tissue & Organ Culture
Plant Ecology
Plant Physiology
Poultry & Avian Biology Reviews
Primates
Proceedings of the American Philosophical Society
Proceedings of the Entomological Society of Washington
Proceedings of the Helminthological Society of Washington
Proceedings of the National Academy of Sciences of the USA
Proceedings of the Nutrition Society
Proceedings of the Royal Society of London Series B-Biological Sciences
Proceedings of the Society for Experimental Biology & Medicine
Production Planning & Control
Professional Safety
Progressive Fish-Culturist
Prostaglandins
Prostate

Articles
3
1
1
24
1
1
1
1
2
1
1
2
1
1
2
2
1
1
11
6
2
1
1
1
1
1
1
2
1
14
1
2
5
23
3
10
1
1
1
1
1
1
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Journal
Psychological Record
Psychological Reports
Quaternary Research
Regulatory Peptides
Reproduction
Reproduction Fertility & Development
Research & Exploration
Research in Veterinary Science
Respiration Physiology
Restoration Ecology
Review of Palaeobotany & Palynology
Revista De Biologia Tropical
Revue Scientifique Et Technique De L Office International Des Epizooties
Sarsia
Science
Science in China Serie s C-Life Sciences
Sciences-New York
Scientific American
Seed Science & Technology
Seminars in Arthritis & Rheumatism
Seminars in Avian & Exotic Pet Medicine
Seminars in Roentgenology
Skeletal Radiology
Small Ruminant Research
Smithsonian
Soil Biology & Biochemistry
South African Journal of Wildlife Research
Southwestern Naturalist
Special Libraries
Steroids
Systematic Biology
Systematic Botany
Systematic Parasitology
Teaching of Psychology
Texas Journal of Science
Theriogenology
Toxicon
Trace Elements & Electrolytes
Transactions of the American Microscopical Society
Transactions of North American Wildlife & Natural Resources Conference
Trends in Ecology & Evolution
Turrialba

Articles
4
1
6
2
2
7
1
1
1
1
1
1
4
1
25
1
1
2
2
1
3
1
3
1
6
3
2
11
1
5
2
1
4
1
1
37
3
1
9
1
1
1
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Journal
Vegetatio
Veliger
Veterinary & Comparative Orthopaedics & Traumatology
Veterinary Clinics of North America-Food Animal Practice
Veterinary Clinics of North America-Large Animal Practice
Veterinary Immunology & Immunopathology
Veterinary Medicine & Small Animal Clinician
Veterinary Microbiology
Veterinary Parasitology
Veterinary Pathology
Veterinary Record
Veterinary Research Communications
Virchows Archiv a-Pathological Anatomy & Histopathology
Virus Research
Water Research
Waterbirds
Western Journal of Medicine
Wildlife Research
Wildlife Society Bulletin
Wilson Bulletin
Wood & Fiber Science
Zeitschrift Fur Jagdwissenschaft
Zeitschrift Fur Naturforschung C-a Journal of Biosciences
Zeitschrift Fur Saugetierkunde-International Journal of Mammalian Biology
Zeitschrift Fur Tierpsychologie-Journal of Comparative Ethology
Zoo Biology
Zoologica
Zoological Journal of the Linnean Society
Zoologischer Anzeiger

Articles
1
1
1
1
9
3
37
1
2
17
2
1
1
1
2
2
1
3
19
34
1
1
3
13
13
365
3
1
2
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Appendix L
Top Ten Highly Cited Zoo Papers
Source: Web of Science database
Donoghue, A. M., Johnston, L. A., Seal, U. S., Armstrong, D. L., Tilson, R. L., Wolf, P.,
Petrini, K., Simmons, L. G., Gross, T., Wildt, D. E. (1990). Invitro fertilization and embryo
development invitro and invivo in the tiger (Panthera-Tigris). Biology of Reproduction,
43(5), 733-744.
Affiliations: NATL ZOO, NCI, VET ADM MED CTR, HENRY DOORLY ZOO,
MINNESOTA ZOO
Times Cited: 58
Gittleman, J. L. (1985). Carnivore body size ecological and taxonomic correlates. Oecologia,
67(4), 540-554.
Affiliations: UNIV SUSSEX, NATL ZOOL PK
Times Cited: 68
Iverson, S. J., Bowen, W. D., Boness, D. J., Oftedal, O. T. (1993). The effect of maternal size
and milk energy output on pup growth in gray seals (Halichoerus-Grypus). Physiological
Zoology, 66(1), 61-88.
Affiliations: TECH UNIV NOVA SCOTIA, FISHERIES & OCEANS CANADA, NATL
ZOOL PK
Times Cited: 64
Leimgruber, P., Mcshea, W. J., Rappole, J. H. (1994). Predation on artificial nests in large
forest blocks. Journal of Wildlife Management, 58(2), 254-260.
Affiliation: NATL ZOOL PK
Times Cited: 54
Oates, J. F. Social- Life of a Black-and-White Colobus Monkey, Colobus Guereza (1977).
Zeitschrift Fur Tierpsychologie-Journal of Comparative Ethology, 45(1), 1-60.
Affiliations: ROCKEFELLER UNIV, NEW YORK ZOOL SOC
Times Cited: 66
Obrien, S. J., Roelke, M. E., Marker, L., Newman, A., Winkler, C. A., Meltzer, D.
Colly, L, Evermann, J. F., Bush, M., Wildt, D. E. (1985). Genetic-Basis for Species
Vulnerability in the Cheetah. Science, 227(4693), 1428-1434.
Affiliations: NCI, WILDLIFE SAFARI, FAC VET SCI, ,ONDERSTEPOORT,SOUTH
AFRICA, JOHANNESBURG ZOOL GARDENS, WASHINGTON STATE UNIV,COLL
VET MED, NATL ZOOL PK
Times Cited: 334
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Oring, L. W., Fleischer, R. C., Reed, J. M., Marsden, K. E. (1992). Cuckoldry through stored
sperm in the sequentially polyandrous spotted sandpiper. Nature, 359(6396), 631-633.
Affiliations: UNIV NEVADA, NATL ZOOL PK
Times Cited: 60
Rapp, J. P., Dahl, L. K. (1976). Mutant forms of cytochrome-P-450 controlling both 18-betasteroid and 11-beta-steroid hydroxylation in rat. Biochemistry, 15 (6), 1235-1242.
Affiliations: MED COLL OHIO, PHILADELPHIA ZOOL GARDEN, MED COLL OHIO,
DEPT PATHOL, BROOKHAVEN NATL LAB,
Times Cited: 93
Rasheed, S., Rongey, R. W., Bruszweski, J., Nelsonrees, W. A., Rabin, H., Neubauer, R. H.
Esra, G., Gardner, M. B. (1977). Establishment of a cell line with associated Epstein- Barrlike virus from a leukemic orangutan. Science, 198(4315), 407-409.
Affiliations: UNIV SO CALIF,SCH MED, UNIV CALIF BERKELEY,SCH PUBL HLTH,
FREDERICK CANC RES CTR, LOS ANGELES ZOO
Times Cited: 55
Ryder, O. A. (1986). Species conservation and systematics : The dilemma of subspecies.
Trends in Ecology & Evolution, 1(1), 9-10.
Affiliation: ZOOL SOC SAN DIEGO,CTR REPROD ENDANGERED SPECIES
Times Cited: 114
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Appendix M
Top-cited Journals
Journal of Zoo and Wildlife Medicine (former J Zoo Animal Med)
Zoo Biology
Journal of the American Veterinary Medical Association
Journal of Mammalogy
American Journal of Primatology
Journal of Wildlife Diseases
Journal of Reproduction and Fertility
Conservation Biology
Biology of Reproduction
Animal Behaviour
Biological Conservation
Canadian Journal of Zoology-Revue Canadienne De Zoologie
Auk
Journal of Zoology
Theriogenology
Veterinary Medicine & Small Animal Clinician
African Journal of Ecology
Condor
Wilson Bulletin
Journal of Herpetology
Behavioral Ecology and Sociobiology
American Journal of Veterinary Research
Copeia
Journal of Wildlife Management
International Journal of Primatology
Marine Mammal Science
Molecular Ecology
Folia Primatologica
Journal of Experimental Zoology
Science
Mammalia
Oryx
General and Comparative Endocrinology
Proceedings of the National Academy of Sciences of USA
American Zoologist
Journal of Heredity
Biotropica
Laboratory Animal Science
Natural History

472
365
216
88
87
80
78
71
55
54
45
42
38
38
37
37
36
35
34
33
32
31
31
31
30
28
28
27
27
25
24
24
23
23
22
22
21
21
20

276

Appendix N
Journals Ranked by ISI Impact Factor
Abbr Jrnl Title
Citings Impact Immediacy Articles
J COMP NEUROL
31718 3.515
0.676
438
ANIM BEHAV
12104 2.483
0.383
248
CAN J ZOOL
8559
1.168
0.152
230
J ANIM ECOL
6478
3.312
0.283
99
J EXP ZOOL
5689
1.488
0.185
162
J WILDLIFE MANAGE
5330
1.593
0.248
105
BEHAV ECOL SOCIOBIOL 5183
2.353
0.326
132
COMP BIOCHEM PHYS A
4290
1.026
0.180
244
J ZOOL
4247
1.093
0.190
158
COMP BIOCHEM PHYS B
4061
0.831
0.116
224
J MAMMAL
3921
1.735
0.360
100
AM ZOOL
3695
2.556
0.477
86
COPEIA
3678
0.827
0.144
132
J COMP PHYSIOL A
3427
1.674
0.241
83
BEHAVIOUR
2693
1.000
0.169
65
COMP BIOCHEM PHYS C
2430
0.930
0.094
128
BEHAV ECOL
2337
2.424
0.291
110
J INVERTEBR PATHOL
2205
0.898
0.116
69
WILDLIFE SOC B
1590
0.617
0.358
148
J COMP PHYSIOL B
1545
1.080
0.152
79
ETHOLOGY
1537
1.373
0.195
77
HERPETOLOGICA
1465
0.895
0.087
46
J EXP PSYCHOL ANIM B
1458
1.905
0.300
30
LAB ANIM SCI
1414
1.436
99.999
0
AM J PRIMATOL
1379
1.214
0.127
55
DEV COMP IMMUNOL
1370
2.909
0.642
67
REPROD FERT DEVELOP
1341
0.667
0.135
52
J HERPETOL
1286
0.652
0.147
116
ZOOL SCI
1279
0.818
0.160
131
J COMP PSYCHOL
1263
1.663
0.340
50
ZOOL J LINN SOC-LOND
1189
1.207
0.475
40
AUST J ZOOL
1189
0.892
0.188
48
J NEMATOL
1161
0.617
?
99
ANIM LEARN BEHAV
1136
1.205
0.167
30
FOLIA PRIMATOL
1073
0.773
0.200
30
PRIMATES
917
0.890
0.075
40
INT J PRIMATOL
911
0.990
0.680
50
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Abbr Jrnl Title
Citings Impact Immediacy Articles
REPROD NUTR DEV
886
1.567
0.031
32
MAR MAMMAL SCI
873
1.121
0.262
65
ANN ZOOL FENN
851
0.824
0.500
30
ZOOL ANZ
791
0.732
0.333
15
WILDLIFE RES
736
0.921
0.191
68
MAMMALIA
715
0.323
0.024
42
J HELMINTHOL
701
0.698
0.068
59
NEW ZEAL J ZOOL
685
0.577
0.433
30
WILDLIFE MONOGR
657
5.250
0.000
3
ACTA THERIOL
653
0.049
0.049
41
J MOLLUS STUD
647
0.759
0.115
52
J MED PRIMATOL
637
1.151
0.057
35
MALACOLOGIA
628
0.821
0.154
13
BEHAV PROCESS
626
0.566
0.061
66
J THERM BIOL
602
0.765
0.200
85
ZOOL ZH
597
0.107
0.066
76
VELIGER
597
0.538
0.156
32
LAB ANIM-UK
594
0.130
0.130
46
ACTA ZOOL-STOCKHOLM 577
1.117
0.107
28
ZOOL SCR
568
2.516
0.267
15
NETH J ZOOL
541
0.509
0.000
22
INVERTEBR REPROD DEV 517
0.700
0.000
23
ZOOMORPHOLOGY
515
1.429
0.350
20
MAMMAL REV
440
1.081
0.056
18
AMPHIBIA-REPTILIA
436
0.469
0.079
38
Z SAUGETIERKD
427
0.367
99.999
0
REV SUISSE ZOOL
422
0.256
0.238
42
ETHOL ECOL EVOL
382
0.900
0.077
26
S AFR J ZOOL
382
0.607
99.999
0
ZOO BIOL
372
0.310
0.000
35
EXP ANIM TOKYO
362
0.579
0.136
59
CALIF FISH GAME
337
0.080
0.000
3
B SOC ZOOL FR
333
0.240
0.000
30
PHYSIOL BIOCHEM ZOOL
317
1.802
0.255
94
ISRAEL J ZOOL
309
0.500
0.036
28
ANIM WELFARE
293
0.807
0.347
49
VET COMP ORTHOPAED
268
0.547
0.077
39
CYBIUM
252
0.283
0.067
45
AM MALACOL BULL
246
1.176
99.999
INVERTEBR BIOL
239
1.000
0.189
37
HELMINTHOLOGIA
230
0.793
0.132
38
ANN SCI NAT ZOOL
229
0.261
99.999
0
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Abbr Jrnl Title
Citings Impact Immediacy Articles
FOLIA ZOOL
226
0.000
0.000
36
HERPETOL J
223
0.915
0.056
18
S AFR J WILDL RES
207
0.479
0.000
22
HERPETOL MONOGR
206
1.125
0.000
6
INVERTEBR TAXON
193
0.316
0.231
26
ICHTHYOL RES
185
0.607
0.351
57
J HELMINTHOL SOC W
179
0.333
99.999
0
NEMATOLOGY
168
0.886
0.162
68
J ZOOL SYST EVOL RES
166
0.979
0.300
20
STUD NEOTROP FAUNA E 166
0.565
0.032
31
ITAL J ZOOL
158
0.357
0.042
48
RAFFLES B ZOOL
152
0.434
0.028
36
J ETHOL
149
0.412
0.105
19
NEMATROPICA
149
0.375
0.000
14
ZOOL STUD
143
0.333
0.070
43
J CONCHOL
135
0.231
0.278
18
WILDLIFE BIOL
131
0.603
0.161
31
BELG J ZOOL
124
0.667
0.073
55
Z JAGDWISS
117
0.472
0.107
28
ZOOL-ANAL COMPLEX SY 115
0.414
0.034
29
CONTEMP TOP LAB ANIM
109
0.315
0.063
63
TROP ZOOL
101
0.306
0.000
12
ACTA ZOOL ACAD SCI H
98
0.152
0.000
3
COMPARATIVE MED
67
0.564
99.999
67
J EXP ANIM SCI
59
0.121
99.999
0
CONTRIB ZOOL
57
0.543
0.0000
RUSS J NEMATOL
51
0.273
0.053
19
COMP PARASITOL
47
0.947
0.262
42
J ADV ZOOL
24
0.020
99.999
AFR ZOOL
11
0.294
0.036
28
MAMM BIOL
2
0.022
46
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Appendix O
AZA Institutions Awarded National Science Foundation Grants
(Based on NSF's awards database, http://www.nsf.gov/awardsearch/)
Zoo-based principal investigators on grant applications:
1. Audubon Zoo: one award 1987 (education); Principal Investigator (PI): Stastny, Dale
2. Brookfield Zoo: five awards 1963-2001 (herpetology, education, biology); PI: Rabb,
George; Margulis, Susan; Saunders, Carol; McGill, Patricia; Lacy, Robert
3. Indianapolis Zoo: one award 2001 (educa tion); PI: Bonner, Jeffrey
4. Lincoln Park Zoo: one award 1981 (education); PI: Kolar, Judith
5. Minnesota Zoo: three awards1989-1993 (education); PI: Tilson, Ronald; TraylorHolzer, Kathy
6. National Zoo: two awards 1988, 1990 (education; conservation); PI: Wildt, David;
Seal, Ulysses; White, Judith; Swanagan, Jeffrey
7. Roger Williams Park Zoo: three awards 1993-1997 (conservation biology, education);
PI: Savage, Anne; Snowdon, Charles; Winsten, Keith
8. San Francisco Zoo: one award 1995 (education); PI: Demee-Benoit, Diane
9. Bronx Zoo: 19 awards 1977-2001 (14 in education); PI: Boyle, Paul; Berger, Joel;
Schaller, George; Berkovits, Annette; Lewis, Dale; Chamberlain, John; Georgiadis,
Nicholas; Gwynne, John
10. Zoo Atlanta: one award 1994 (education); PI: Forthman, Debra
11. Miami MetroZoo: one award (education); PI: Hotchkiss, Nancy
12. Philadelphia Zoo: five awards 1959-1996 (zoology, education); PI: Wagner, Kathleen
13. San Diego Zoo: 14 awards,1963-2001 (science); PI: Phillips, John; Kirkpatrick,
Craig; Heuschele, Werner; Ryder, Oliver; Alberts, Allison; Williams, Terrie;
Bercovitz, Arden; Benirschke, Kurt
Zoos listed as secondary participants on grant applications:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Baltimore Zoo
Dallas Zoo
Detroit Zoo
Forth Worth Zoo
Franklin Park Zoo
Kansas City Zoo
Lincoln Park Zoo
Louisville Zoo
Metro Toronto Zoo

10. Milwaukee Zoo
11. North Carolina Zoo
12. Oregon Zoo
13. Phoenix Zoo
14. Pittsburgh Zoo
15. Santa Barbara Zoo
16. St. Louis Zoo
17. Toledo Zoo
18. Woodland Park Zoo
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